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. THE INNERVATION OF STRIPED MUSCLE-FIB 


LANGLEY'S RECEPTIVE SUBSTANCE. 


BY PROF. DR. J, BOEKE. 
Utrecht, 


ПЕТ me try to givc you in this lecture in broad outlines 


‚ of recent investigations on the mode of innervation of 

: muscle-fibres of vertebrates, the origin of the nerve-fibres 3 
| the muscle-fibres, their mode of ending on them, the manne 
. the nerve-endings are connected with the muscle-fibres an 
‚ by which the stimuli arriving by the nerves may reach the 


substance of the muscle-fibre. 

In the time at my disposal I must necessarily treat : 
somewhat dogmatically, and I fear that I shall not be able t 
more than express my own views about this subject wit! 
you & full historical account of the questions or stating the 
of the large number of investigations carried out іп thi: 
bearing on the innervation of the striped muscle-fibre: 
brates and in general on the relation of the nerve-endin 
surroundings, on which these views are founded. 

For a morphologist like myself it is only natural th 
logical details will come in the first place to call our айе: 
it seems to me that in general (apart from questions of 
and comparative anatomy) morphological details derive 
value in the first place from the physiological and functic 
they are able to furnish us. For only when we are able 
physiological interpretation of given morphological det 
say Каф we understand it, that it has given us some new ı 
the ways of Nature. 

But first let me state some general principles. 

It cannot be denied that animal histology nowadays is 
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of unrest, of evolution, P. that it is passing ‘through a crisis, O PN 


w 
which is shaking its very founflations. - The old. conception-of the - | ~ 
ce] ag an elementary ogganism; -established -as th8-basis of all our: ` 
resenrcheg-after-yenrs of “strife, and an incredible amount “of labour— ME 

--iBis conception of thé cell,-ón -which generations “of our teachers „2 І 
had built up the entire splendid-sfructure of our "knowledge of uL - 
animal.body and its component parts, must be revised. And this. 
“process of revision has-met with frequent and often serious opposition: | 

Obviously: the cytologist, when. studying and analysing the ‘struc- | 
ture of the: smallest elements. that, build up the living body; the cells- \ - 
and their derivations, is : atrongly tempted to regard these cells.-ag | 
` units, as indivisible self- | self-propagating independent elementary organisms, i 
. originated. in & ‘direct line rom the dividing egg-cell arid remaining. [^ OW 
independent -units until their death ` or the death of the organism. - 
which they- helped to build up. шыл Ны КЕ СЫА PR 
This is not to be wondered at.- Iiis not.only. that we have learned, . 
“pinc thé time of Robert Brown, of Schleiden and Boh wann, of Мах. 
Schultze, , Huxley,--Banvier-asnd Virchow, that! all living bodies- are- 
‘composed of those small- "units, the cells, “anid: théiz- differentiation. 
products:—But afterwards there has’ - Beat broughit to light inside . 
—.these cells “themselves "a distinct organization, a. world im itself, a _ 
number. of independent self-propagating structures, thé^nucleus;-the К - 
amyloplasts, the tonoplast оѓ “deVries апа Went, the ehlorophyli— .. | 
bodies, the: :elaióplasts of Wakker, the centrosome, ihe. mitochondrim . 
and their differentiation products, and in the nucleis- the. chromosomes” 

^ with their outfit of chromomeres, which during the last yeárs-have. © Ñ 

-becomc- of-such. enormous significance, especially throdgh the work 0 





Е 





-—— eo д 


Morgan and his school on the physical basis- of hereditary. phenomena. 
C——-Afnd we are here still standing on the threshold. Every new line 
of research started reveals to us unknown Wonders of - organization’ - 
. of the cells. But, « on the^ “other Hand, when by the use of the more. 
.. and more accurate and subtle methods of present-day histology, we. 
| , penetrate farther and farther into- that wonderful | organization of. P 
^ the cells, the. cell itself loses & part of: its -independence as. an [NE 
[i 


є 


elementary organism. Мапу of them we see in the course of develóp- 
““mént losing their boundaries, and fusing together to form а syncytium? 
And even when;-as-seems.to -be the case in the myocardium. of- 
mammals, “this syncytium - іп. a. later period-of . development is again . 
differentiated into to Gell&geven.here-the lines of"junotiom- of.the-cells i 2. 
аге е bridged across by the muscle-fibrils, and we are by no méans sure UEM te 
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THE INNERVATION’ OF STRIPED MUSCLE-FIBRES 8 
that the cellular elements, which we ate able with tolerable accuracy 
to make out in the full-grown myocargium, are the selfsame elements 
which -were seen "to constitute the heart muscle tissue before tke 
coalescing period. Е i 

The cross-striated voluntary muscle-fibres with their immense 
number of nuclei, formerly supposed generally to be formed by the 
elongation of а single enlarged cell, have now been shown to be the 
product of more than one cellular element. 7 

In the first place they are built up by the joining together, end 
to end, of а number of cells of the muscle-plate, so as to form a 
syncytium, within which the striated fibrils make their appearance. 
But, secondly, even more than one segmental muscle-plate may 
contribute to the formation of a single muscle-fibre, as Godlewski 
and Sunier have shown and Agduhr was able to prove by their mode 
of innervation, and thirdly, as Sunier has shown, even mesenchymatous 
elements may take a part in the formation of the muscle-fibres. 

- As to the smooth muscle-cells, what we know about their 
development tends in the same direction. According to the obser- 
vations of McGill the smooth muscle-cells of the alimentary canal of 
the pig, seemingly so distinctly separate as true cellular organisms 
in the adult animal, are developed from a syncytium of mesenchy- 
matous cells surrounding the entoderm tube. Here too the myofibrils 
developing in their protoplasm need not be confined to the limits 
of a single-cell territorium, but may extend over two or even a 
number of cells. In the adult smooth muscle-cells the intercellular 
substance is bridged across by filaments passing from cell to cell, so 
that even the fully formed smooth muscle-tissue retains somcthmg 
of its syncytial character. | 

The same holds irue for the follicle-cells of the ovary, for many 
forms of connective tissue, and, last and not least, for the elements 
of the nervous system. For, according to the observations of Held, 
during their development they seem to pass through a syncytial 
period that leaves them by no means the selfsame elements that 
went into it. And during their later development and in the course 
of the process of regeneration, as we shall see more clearly later on, 
tHe growing axons make use of conducting cells and other ‘‘ mesenchy- 
mátous " or “ nervous " elements £o reach their destination. 

In short, wherever we study the elements of the tissues more 
closely, and especially histogenetically, we get the impression that 
the cell-lineage of the cellular elements of the full-grown body is in 
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most cases by по^тпеапв clear*. ПЕ А new ае аге being 


formed, not always entirely independent “of each other, and out of, 


а* syncytial stage | these elements appear as’ new cells,” independent 


of the old-ones, which originally went into-it. ` a 


~ Viewed in this light, the relation of the cell to the organism as 
a whole, to the individual, is changing too. The embryological 
experiments of recent years, for instance, the experiments in which 
two egg-cells wero-made to fuse together to form one giant individual 
of normal=form_and- proportions, the brilliant experiments-of Fischel, 
of Spemann and Lewis on the formation” of 'the eye-lens out of 


different, tissues; the~experimeénts on regeneration and so many more | 


splendid achievements of the most ‘subtle . latter-day “operative 


technique, have placed this relation entirely on a -different-footing. _- 


We are everywhere struck With the- exquisite harmony-.of -the living 


organisms, a, harmony between the different tissue elements, which ... 


4 demonstrates the domination of the individual over- the -elements 


which compose-it,-the cells. - ` 2. 


а 
— And it is this harmony which ‘alone can а АМЕ thats Equilibrium 


- of the different parts of the organisni i which Nüture-is always and 


everywhere trying to establish or to re-establish-when it was lost. 


. The conception of a struggle-for life-of-the cells in the-organism, .. 
worked out by- Roux years- ago ~to form. the basis of his theory of 
functional adaptation as an. analogon to the idea_of ‘a struggle for — 


life in Nature, which "Darwin “revealed io us. by. turning-upon-it-the 


‚ full light of his genius, cannot bé true, because -it does not suffi- ^ 


ciently take into account. this harmony of the organism. 229° 


In Nature, the individual itself is fighting for iis life and f de 862 -- 


maintenance of its species. Ín thia fight-svery individual i is destroying 


— 


remorselessly everything that-is weaker, and only the fittest_ survive 


in the struggle. What we_call the harmony-of Nature is founded 
‘on our own artistic view of ihe ‘things around us. In’ Nature itself 


it is only the elementary forces and energies that-exist, which together- 
~- build 70р that mighty symphony that the lover -ot- Nature hears every--- 


where around him. ‘When we speak of-the-unity-in Nature;-either 


we unconsciously. & transfer the idea of the individual organism to the ` 


conception of the Universe, .Or we feel behind. the forces and phenomena 


of Nature a Divine-power, before which we can only bow our heads. _ 


in profound submission, without trying to- "explain it. 
But in the organism this harmony is & distinct reality. йай 
organism is а unity in itself, and the- elements which compose_ if ore 
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THE RELATION OF THE HIND-BRAIN TO MICTURITION.’ 


ВҮ.Е. J. F. BARRINGTON. _ 


Second Assistant to the Director of the Surgical Unit, University College Hospital. 
(From University College Hospital Medical School.) 


In a previous paper [1] experiments on the cat were described, 
from which, among others, the following conclusions were drawn :— 

(1) There is a motor tone passing to the bladder through the pelvic 
nerves which arises in the central nervous system above the level of the 
lower thoracic region of the cord. 

(2) Transéction of the cord in the lower thoracic region abolishes 
reflex micturition; i.e., the reaction which ultimately occurs if a bladder 

:is gradually artificially distended, leading to the expulsion of its 
contents.’ , : 

(3) Transection of the cord in the lower thoracic region permanently 
abolishes micturition. The escape of urine which occurs when the 
stage of so-called spontaneous (or automatic) micturition has been 
reached differs from micturition in the essential respect that the bladder 
contraction and urethral relaxation are not co-ordinated, as is shown by 
the fact that the bladder is never emptied. When this escape of urine 
їз provoked reflexly by perineal stimuli, the jets of urine passed can be 
seen to be synchronous with rhythmic contractions and relaxations of 
the perineal muscles. 

The object of the present investigation was firstly to determine the 
level in the central nervous system of the origin of the motor tone of 
the bladder-muscle. Secondly, to find out what parts of the central 
could be removed and micturition still take place. -Thirdly, to find 
what simple reflexes are combined together to form micturition. 


(1) Motor TONE oF THE BLADDER MUSCLE. 


• Тһе state of the bladder muscle was estimated, as in the previous 
“experiments, by measuring its volume under a constant pressure of 
. 10 em. of water. The method, which was described before, consisted 

in cutting away the pubic arch, tying a brass catheter (size 10 Charriére) 


! The expenses of this research were defrayed by the Graham Research Fund. 
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into the urethra just above the prostate in the male, and in the 
corresponding place in the femal&, and allowing all urine to escape from 
the bladder. The catheter was then connected with э closed graduated 
wash-bottle of water hung on pplleys in a bath which was kept warm 
and at a constant temperature within 3° C. The bottle was raised ог, 
lowered as the volume altered, except for the rhythmic undulations of 
contraction and relaxation which are usually present: 30 c.c. in the 
bottle caused a rise of pressure of just under 1 cm., hence as the 
undulations seldom produce a volume difference of more than 15 c.c., 
the maximum pressure variation would usually be about 4 cm. of water. 
The volume was recorded by connecting the air space of the bottle with 
a Langley's piston recorder which was attached to a Keith Lucas’ lever. 
As previously stated, the volume of urine secreted by cats under 
anssthetics is negligible for the purposes of these experiments. 


.50cc 





Fra. 1.—Cat, female. Ether. Splanchnic nerves divided. Bladder volume at 10 om. 
H,O pressure and 49° to 48° C. At the signal the spinal cord was divided between the first 
and second cervical roots. ‘Time marker, five seconds. 

A series of experiments was first made to find out if the same 
effect on the bladder volume was produced by dividing the cord in the 
upper cervical region as has been previously described in the case of the 
lower thoracic region [1], namely, an immediate abolition of any sharp 

' undulatory contractions and a dilatation which persists, the dilatation 
being sometimes preceded by a sharp transient contraction. For this 
purpose the cats were anwsthetized with ether, a tracheotomy tube with 
two exits tied in the trachea, the catheter tied in the urethra as. 
described, and dorsal part of the arch of the atlas cut away and the. 
dura deep to it opened. Artificial respiration was then started and 
ether given with the respiration pump. After the volume had become 
reasonably constant, the cord was divided and the result on the volume 
noted. Тһе effect was apparently exactly the same as in lower thoracic 
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transections and occurred with remarkable constancy (fig. 1); the only 
cases in which it appears not likely td occur are those with very large 
volümes and no undulatory contractions, а comdition which is generally 
due to very deep anssthesia or в bad general condition as a result of 
hemorrhage. Asin lower thoracig transections, division of the cord in 
the region of the first cervical root is followed by a persistent increase 
in volume and abolition of sharp rhythmic contractions, whether the 
hypogastric nerves are intact or divided. There are two factors in the 
upper cervical transection which might affect the bladder volume that 
do not occur in the lower thoracic region, namely, the fall of blood- 
pressure ‘and the alteration in the amount of ether. That the effect is 
not due.to the fall of blood-pressure was shown by. experiments in which 
the cord was divided after previous division of the splanchnic nerves, 
the effect on the bladder volume being the same as when these nerves 
were intact. When the cats were having artificial respiration, as a 
rule, spontaneous breathing neither ceased nor was synchronous with 
the pump; they were, therefore, getting less ether before the spinal 
transection than after, when spontaneous respiration ceased, the ether 
regulator not having been altered: no steps were taken to find out 
what this difference was and, as will ‘be shown later, ether both 
abolishes rhythmic undulations and causes в relaxation of the bladder in 
decerebrate cats: in this case, however; there is a very appreciable 
"though not long interval before the effect occurs, whereas in the 
. transection it is immediate (figs. l'and 4, Part I), from which it seems 
that the effect cannot be due to any increase in the amount of ether 
` taken after spontaneous respiration ceases. It was therefore concluded 
` that the motor tone of the bladder arises in the brain. __ 
А series of experiments was then made to determine whether the 
. same effect on the bladder volume was produced by division of the mid- 
brain as by division of the cord. For this purpose the cats were 
tracheotomized and ether continued with an artificial respiration pump. 
A large part of the skull in front of the tentorium was removed and the 
dura opened. The brain section was made with a blunt knife, keeping 
it close against the tentorium. In some cases the brain in front of the 
section was removed ín order to allow all heemorrhage to come forwards 
and thereby avoid an increase of pressure in the posterior fossa. Two 
of the experiments were useless as death occurred a few minutes after 
the brain section. In the remaining. five, one showed an abolition of 
undulatory contractions and a persistent increase in volume as is the 
case after division of the cord, one (fig. 2) showed an increase in volume 
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Еа. 8, Pt. I. 
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but large undulations became established again and the remaining three 
_ all showed diminution of volume! with large undulations : in one of 
them (fig. 3, Parts I an@ II) the diminution took some time to 
begin, in the other two it wag immediate. In the three experi- 
ments where a contraction followed. the division of the mid-brain 
subsequent division of the upper cervical cord or lower part of the 
medulla was followed by the usual effects (fig. 8, Part III), namely, а 
persistent increase in volume and abolition of all large undulatory 


-100c.c. 
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Fie. 3, Pt. II. 


contractions. From these experiments it was concluded that the motor 
tone of the bladder arose somewhere between the lower part of the 
mid-brain and the lower part of the medulla. Subsequent experiments 
to localize its level of origin were made on decerebrate cats without 
anesthetics. 

Decerebration was performed under chloroform anesthesia, The. 
origin of the temporal muscle was detached from the skull. A trephine 
hole was made just in front of the position of the tentorium on the left 
side: this was enlarged with bone forceps and a large hole made in the 
dura. The division of the mid-brain was made as already stated and 
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the whole brain in front of it rapidly removed with the handle of a 
teaspoon. Asstafed by Bazett [2] the bleeding is very much less if the 
anesthesia is véry deep. The anmsthetia was stopped directly „Һе 
the brain was removed. Bleeding was stopped by plugging the skull; 
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Fro. 8, РЬ IIL 


Oat. Female. Ether. Bladder volume at 10 cm. H,O. At the signal in Part I the 
brain was divided just in front of the superior colliouli and the stalk of the pituitary. 


Part П is ten seconds after Part I. 


Part III is about six minutes after Part II. At the signal the cord was divided between 
the first and second cervical roote.- The volume remained approximately the same till the 
animal was killed twenty minutes later. Time marked, five seconds. 


In Parts I and ITI there was the same amount of air in the reservoir and piston recorder , 
the volumes represented in these two therefore correspond accurately. In Part II it was 
thought necessary to alter the amount of air in the reservoir to prevent the needle going oft 
the tracing: after the experiment the 100 с.с. mark on this was made to correspond to that 
on Parts І and III: the other volumes of Part II do not, however, necessarily correspond 
accurately to those of Parts I and III, as with a Keith Lucas’ lever в given change of volume 
does not produce the same excursion of the needle in all positions. 

. . . 


" Horsley's method with а piece of freshly cut muscle placed over the 
sella turcica and plugged down with wool was found very effective. 
More than half an hour was always allowed to elapse before proceeding 
with the experiment. The volumes of decerebrate cats’ bladders at 
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Fig. 4, Pt. 1. 
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Юа. 4, Pt, Н. 
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10 em. of water pressure were on the whole much lower than those of 
intact cats under ether. 

Before proceeding further with dxpornenys to determine the level in 
the brain at which the motor tone of the bladder arises it was thought 
advisable to find out the effect of curare and also of ether and chloroform 
on the bladder volume of decerebrate cats. Chloroform and ether were 
given by putting one exit of в three-way tracheotomy tube into the air 
space ‘of a Wolff's bottle containing some of the corresponding liquid, 
the second exit being clamped to a greater or lesser degree: by this 
means rather concentrated vapour was given. In the three experiments 
which were made the effect was the same: the volume gradually 
increased, in about a minute the undulatory contractions ceaséd and the 
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Fig. 4, Pt, III. 


"X 
volume then increased more rapidly (fig. 4).' It is the same effect as 
that of dividing the.cord but it is not produced as suddenly. To show 
' the effects of curare on the bladder volume, а solution of it, made in 
slightly acidified Ringer’s solution, was. injected into the external 
jugular vein. Very small doses (e.g., 1 c.c. of 1 per cent.) produced an 
increase in the bladder volume without abolishing the undulatory 
contractions. When larger doses were given (fig. 4, Part III) these 
«were abolished as well and the immediate effect then exactly resembled 
4hat of dividing the cord. This effect could be obtained with doses 
insufficient to abolish the corneal reflex. When the animals lived long 
enough there was a tendency for the volume to recover to some extent 
and for the undulatory contractions to reappear (fig. 4, Part TV). The 


A 


ORIGINAL ARTICLES AND CLINICAL CASES 


& 


32 


"Ат $94 19379 Sejnurur пәәўур Moq euQ : A 3294 


Й 


*890A10U [9OIA100 381g pus [esso[BodÁq. 


oy} jo є01320 erogiodns өцұ ueoa4oq рәртАтр SVM w[mpeureqeuSm eq, qy “TIT req 2949 senu quBre-faiogp : AI "за 
> “өл ie[n3n[ твиләўхә 
OY} oqur ueAIB olom oreino 'jueo ied g jo 'о'о g [euSte өц Эпир ‘әрә snorAqo pnoygpa o1o0Joq Sejnurur uee4xis og ueequ 
f[mnoeuujnoqus UeAIS eoa argno "queo дөй p jo 'o'o б :uorywxrdseri [wrogig1y — "IT азд 19978 SONUMU eaAg-K4]pip : TII Wea 
, А "SONU UT eeiq, 93Xeu өц хој рәїшдоўдә@ поц} sua 
погувлійвәл [wrogrj1€ : pesvoo uorjurldsei ‘peddoqs sva шдоуоло[үо өц пәцм PINY 193j€ риш ‹веупорш омӯ 1oj]9 qUo8qu BBA хөрәл 
e 19202100 913 ‘uoa sea uriogpoio[qo pease өц Barn 'I peq jo pue euj оу sejnurur ouru-Aquemy Яатоцошшогу : TT Weg 
"pe1isqs вем 1930 өчү 193]€ SONUNU OMG упевде SVA хәрөл үвөпдоо өт} ! UGALI BBA дөцзө [wuZIS ONG Bung '8шозду eqs jo 
SuruuiBeq eu, exojeq segnurur fquoA4 pus snog omg peddogs orjeqgseu eq; pus peAotue1 ueeq pey ureiq-eogp өү, : I зд 
'8puooes өлүр ‘әде oun, 'erussoid OSF "uro OT 48 eurn[oA iepp9|q 'ejerqeieoep É osut е0 
‘A рав AI ‘ва 'p “OLA 
ишрина. шшш 
———————————————— 
2907 990 — 





е А 





@ 
. e 
THE RELATION OF -THE HIND-BRAIN TO MIOTUBITION 33 


final volume was, however, considerably greater than the original 
one. 


Curare was used in the series of seven experiments made to 
determine the level af which the motor tone offthe bladder arises. 'T'h$ 
object of its use was to eliminate the disturbances in the bladder volume 
due to contractions .of the abdominal muscles occurring in the powerful 
movements which always occur in a "spinal" cat. It is most important 
to know whether the volume alteration commences at the moment of 
division, in which case it is most likely directly due to the division, or 
. a short time after, in which case it may be a secondary result produced 

by hemorrhage: if curare is not used itis at this particular time that 
the muscular contractions are strongest and most frequent. The curare 
was given subcutaneously in doses of about 1} с.о. of 1 per cent. solution 
per kilo; more than an hour was allowed to elapse before proceeding 
with the experiment. Subcutaneously curare seemed less toxic and 
to produce its own characteristic effects just as well. The bladder 
volumes, in experiments where it had been given, seemed on the whole 
greater than in those where it had not, as would be expected from the 
result following its injection intravenously. In three of the seven 
experiments sections were made of the pons in its upper half; in all the 
‘volume recovered ‚апа undulations started again in two and were not 
abolished in the third; in two of these the section was not quite 
anatomically complete. The third was the lowest section; it went just 
in front of the superficial origins of the fifth nervés below and through 
the posterior parts of the inferior colliculi above. In all the seven 
experiments sections were made which produced a persistent dilatation 
which failed to pass away; the levels of these were 4 mm. below the 
. upper border of the medulla, through, the origins of the sixth nerves 
(two experiments), between the medulla and pons, through the lowest 
part of the pons (two experiments), and through the middle of the 
pons (fig. 5). Therefore, the highest section which gave the result and 
the lowest one which did not were both about the middle of the pons. 
From this it сап be concluded.that the tonic influence the central 
nervous system exercises on the bladder through the pelvic nerves 
arises in the central nervous system at about the level of the middle of 
` the pons. 
° ) 

A series of eighteen experiments was performed in the following 
way on female cats. The fore-brain was'removed under chloroform as 
previously described and the chloroform administration stopped immedi- 
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ately after. More than half an hour was then allowed to elapse before 
proceeding with the experiment. The cat was placed.on its side at the 
end of a warm box inclined at about _15° to the horizontal, so that апу» 
fluid passed by the urethra ran on to a gutter at the end of a box into 
& receiver underneath, from which, it could be measured. A brass 
catheter (size 7 Charrière) was then passed and the bladder emptied of 
any urine it might contain, In the earlier experiments & median 
incision was made dorsalwards into the perineal body to facilitate 
passing the catheter; this was afterwards abandoned as it was found 
unnecessary and also because it was suspected that the réflex might 
be interfered with by the irritation necessarily set up. The gatheter 
was then connected, by means of a rubber tube, fitted with a Mobr’s 
clip, to & warm water reservoir about 50 cm. above it; a metal worm 
in & warm water bath was interposed between the reservoir and the 
catheter to eliminate some of the cooling certain to occur in the tubes 
between the two. То make an observation the clip was removed from 
the rubber connecting tube and the vulval opening watched; when a 
definite escape of water at the side of the urethra had been established, 


-6.£., after the escape of four to six drops, the tube was clamped off and 


the catheter removed from the urethra, the quantity of water passed 
was measured and' the catheter passed again after to determine the 
quantity remaining in the bladder, if any. This was оран several 


‘times in each experiment. 


Tt was found that the water was passed in а continuous stream at 
first: and often finished with a short series of jets; immediately after the 
passage of water had stopped one or more strong contractions of the 
perineal muscles usually occurred. The commencement was often 
initiated by an abdominal contraction of sufficient force to move the 
limbs and arch the back; this sometimes occurred just’ before and some- 
times just after the withdrawal of the catheter. After the first obser- 
vation had been made the volume necessary to provoke the reaction was 
more or less the same in each individual in subsequent observations. 
It was nearly always less than’ the volume of urine passed at а normal 
micturition and often very many times less, for instance, in seven out of 
the eighteen experiments it was constantly less than 20 c.c. The 
rapidity of filling the bladder, the fact that, though warm, the water 
was probably never exactly at. the. body temperature, and possibly also 
the presence of a catheter in the urethra, obviously may be sufficient to 
account for this deviation from the normal without the supposition that 
with the removal of the fore-brain there has been a removal of inhibition, 
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though as will be shown later there is а certain amóunt of reason to 
believe this also occurs. In all observations ef eleven out of the 
eighteen experiments the amount of water left m the bladder at the 
end of the act was either none at all or less than 1 с.с. In three others 
it was 1ẹ'to 8 c.c., in the first observation in each, and less than 1 c.c. 
in the gabeisn. observations in each. In one other it was 1} to 
94 c.c. in each observation. In these fifteen experiments therefore the 
micturition reflex was as nearly perfect as it is likely to be found. The 
remaining three all had very appreciable quantities remaining in the 
bladder at the end; an incision had been made into the perineum in all 
three cases; all three showed very strong abdominal contractions at the . 
commeéhcement of the act and the initial stream of water had an 
explosive force but stopped quite suddenly as if the urethral muscles 
had closed бо soon. It is possible that the perineal incision may have 
had something to do with the unusual phenomena seen in these three 
experiments; it was made in eight of the other fifteen experiments, so 
this does not seem very probable. It seems much more ‘likely that 
` pressure on the remaining part of the brain from hemorrhage into the 
posterior fossa of the skull was the cause, since the same effect was 
sometimes seen, in experiments where the passage of water had 
previously been normal, after interference with the posterior fossa ог its 
contents. ‘In one of the three experiments 5 to 6 с.с. were passed at 
each observation and the quantity left in the bladder gradually rose, 
being 11 c.c., 28 c.c., and 41 c.c.; during the fourth observation the cat 
developed spasmodic inspirations,. scratch movements followed and then 
respiration ceased, while the heart continued beating; a thin clot was 
found on the ventral surface of the medulla and pons; it must be 
admitted however that this can sometimes be found in cats after 
decerebration in the way described which havé not had any symptoms 
' of pressure in the posterior fossa. In the second 4 c.c. to 8 c.c. of water 
were passed at each observation and the water remaining in the bladder 
was 17 c.c., 12 c.c. and 8 c.c. respectively: the cat died less than half an ` 
hour after the third observation and clots were present as in the last 
one. In the third experiment the residual water was relatively less and 
diminished with time, till in the last observation 62 с.с. were passed and | 
' 10 c.c. remained in the bladder; the cat died soon after this but ‘the 
cause of death was uncertain as respiration stopped after some spasmódic 
inspirations five minutes after the injection of 5 с.с. of 10 per cent. 

cocaine hydrochloride into the bladder, an amount subsequently found 
sufficient to produce at ау ‘rate very severe symptoms. Whatever 
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the càuse of these. three exceptions the Їасїз stated seemed quite 
sufficient to justify Йе conclusion that reflex micturition takes place 
normally in cats in the absence of the wholeeof the fore-brain ande 
anterior part of the mid-brain. è 

Chloroform seems to have & very depressing effect on reflex 
micturition even when the anæsthesia is light. In eight of the above 
experiments an observation was made while the саў was ,under chloro- 
form and before the fore-brain had been removed. In all the eight a very 
much larger quantity of water had entered the bladder before it escaped 
from the urethra than occurred after decerebration when the anæs- 
thetic had been stopped some time. In all the eight a very consigerable 
amount remained in the bladder after the escape from the urethra had 
stopped; in six this was more than twice the amount passed. Instead 
of being passed in a forcible stream the water came away in drops in 
these experiments, which were sometimes fast enough to form a con- 
tinuous stream at the very beginning but never later. In another 
experiment, after decerebration, four observations were made and 8 c.c. 
passed in each one with a residual of nothing to five drops: chloroform 
was then given and the observation repeated, 7 c.c. were passed and 
78 c.c. remained in the bladder. 

In six of the experiments observations were made after injecting 
ocaine hydrochloride solution into the bladder. The solutions were 
itin fifteen minutes or more. Ав already stated, general symptoms 
easily produced by this with strong solutions (e.g., 5 c.c. of 10 per 
cent.): The symptoms are а marked increase in respirations and an 
increase in the rigidity, particularly as shown by head retraction. 

Five c.c. of 1 per cent. solution in one experiment had very little, if 

‘effect. In the remaining five intermediate strengths or quantities 
were used; they all required a greatly increased volume of water to 
provoke an escape of it from the urethra, and all had a very considerable 
volume left in the bladder after the passage of water had stopped. 
These results agree with those of Shattock [10] with cats under A.C.E. 
mixture. In all cases the effects were very transitory. 

In a few cases the bladders were examined with X-ray plates after 
filing them with 10 per cent. colloid silver or a suspension of bismuth 
carbonate. In no case was a shadow present between the internal 
urinary meatus and the compressor urethre unless the solution had 
actually been passed while the plate was being taken, and this was so 
whether the’ bladder had previously been injected with cocaine or not. 
Hence the solution is held at the internal meatus in decerebrate cats, 
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and not, as in those which have had a transection of the cord, at the 
compressor urethræ.' Ы 
„ In two of the experiments the cord was divtłded at its union with 
the medulla and in one the medulla at the apex of the calamus. Obser- 
vations made after showed the following changes. Firstly, the water 
did not escape from the urethra till the bladder contained a greater 
volume than that which was necessary to provoke it previously. 
Secondly, the amount passed after withdrawal of the catheter was 
smaller and instead of being passed ina forcible stream came away in в. 
series of drops which sometimes showed rhythmic accelerations corres- 
ponding with visible rhythmic relaxations and contractions of the 
perineal muscles. Thirdly, when strong perineal contractions at the 
end of the act ‘had been present before the division, they were absent 
after. Fourthly, a large amount of water remained in the bladder after 
the passage from the urethra had stopped. Reflex micturition was 
therefore abolished in these experiments, from which it may be 
concluded that, it depends on the integrity of some part of the brain 
between the apex of the calamus and the mid-brain and on the connec- ` 
tion of this part with the central nervous system below it. Reflex 
micturition had been shown by Elliott [4] to be abolished by destruction 
of the brain; he suggested that this effect was due to' shock. Other 
reflexes, however, do not seem to be similarly affected; the shock ca 
hardly be greater than that of removal of the fore-brain, and further, 
stated in a previous paper [1], it could not be obtained some time ( 
weeks) after the cord had been divided. In three of thé experiments 
the cerebellum was removed ; post mortem it was found in all that the 
removal was incomplete, though the fragments remaining were small. 
In one of these experiments there were no changes in the reflex 
micturition after the removal, except that the bladder only tolerated 
about half the distension it.did before.’ In the second the water was 
passed in a series of forcible jets instead of in a stream in the earlier 
observations after removal of the cerebellum, and in the later ones in 
drops only ; in the earlier observations little or no water was left in the 
bladder at the end, while in the later ones there was a very considerable 
quantity. In the last the water was passed in a very forcible stream 
accompanied by a strong contraction of the abdominal muscles; *the 
stream usually stopped suddenly and there was always а large amóunt 
of water, left in the bladder; this cat developed spasmodic inspirations 
.about an hour and twenty minutes after removal of the cerebellum. It 
seems probable, therefore, that removal of the cerebellum has no effect 
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on reflex ШЕЙ ӨЙ: and that the effects of the operation, when any are 

present, are due to Sther parts of the brain below. the tentorium being 
affected by hemorrRage. In another experiment an incomplete division 
at the level of the upper part of the pons was made ; spasmodic inspira- 
tions developed thirty-six minutes, later, and reflex micturition during 
this time showed the changes described i in the last two experiments in 
which the cerebellum had been removed. 


/ 
(8) THE REFLEXES COMPOSING REFLEX MICTURITION. 


. The first fifteen experiments made to analyse reflex micturition into 
its component parts were performed as follows: Decerebrate female 
~ċats which had come round from the chloroform -were used and a 
catheter passed as in the experiments on reflex micturition. The 
bladder was distended from a burette of warm water, so that known 
amounts in known times could be run in. Interposed between the 
burette and the catheter were: (1) & metal worm in & warm-water 
bath next the catheter; апа (2) а vertical tube, serving as a water 
manometer next the burette. Eighty cm. of the manometer tube 
contained 1 c.c., so pressure alterations produced no appreciable volume 
alteration. The bladder pressure could, of course, only be read when 
the clip of the: burette was shut. 

In these experiments it was found that active contraction of the 
bladder could be produced in one of two ways, by distension of the 
bladder to & given volume or by slightly moving the catheter in and 
out in the direction of the urethra. 

To investigate the contraction resulting from distension, equal 
volumes of water, usually 23 to 10 c.c., were run into the bladder at 
definite intervals of time, usually every other minute, and the pressures 
noted at the end of one minute after each increase of volume. When 
а certain volume was arrived at i& was found that the bladder pressure 
rose with or without an abdominal contraction, and this was usually 
accompanied by an escape of the water from the bladder at the side of 
the catheter; the catheter was then disconnected to empty any bladder 
‘contents that might not have escaped, and the same series of operations 
7 repeated: several times.. The volumes tolerated by individual cats 
varied considerably, but after the first reaction had been produced the 
subsequent ones in the same cat occurred at more or less the same 

volumes, provided the distension had been made at the same rate. The 
increases of pressure produced by increases of volume within the limits 
of toleration were not great, but when that limit was reached the 
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pressure would at once, or іп a few seconds, rise to three to fifteen 
times its previous value and gradually fall with the*escape of the water 
from the urethra. It was noticed that the greatestfheight to which the 
pressure rose could be seen, at any rate often, to occur after the escape 
of the water had become well established ; -this is probably’ accounted ' 
for by the next reflex to be described. In some cases the maximum 
rise of pressure was preceded by one or more rises, each one larger ' 
than the one before; this may have been due to the catheter causing 
obstruction to the urethra, so that the first increase was incompetent to 
start micturition. There can be no doubt about the increase of pressure 
seen in these experiments being due to an active contraction for the 
following reasons. Firstly, though in the case of a non-living elastic 
bag a given increment of volume may give a larger pressure increase 
if it is applied when the bag is tensely distended than if it is applied 
when the bag is lax, it could not give an increase of 200 to 1,400 per 
cent. when the last equal increment of volume had given rise to hardly 
any pressure increase. Secondly, though in most cases the reaction 
naturally occurred when the water was actually being run in, in quite a 
darge number it did not occur till after the clip of the burette was shut, 
and then the whole rise of 200 to 1,400 per cent. was actually seen. 
Thirdly, in the case of a non-living elastic bag, however great the 
pressure increase resulting from an increase of volume, it cannot 
exceed that at which the fluid is run in, whereas in the present experi- 
ments when the reactions occurred while the fluid was being ‘run in, 
it often happened that the monometer pressure was. greater than that 
in the burette, and: water flowed back into the latter. This reflex 
contraction of the bladder resulting from distension occurred in four 
experiments where curare had been given which eliminated all 
abdominal contraction; the pressure rise was not quite as marked in 
these experiments, and there was always an appreciable volume of 
water remaining in the bladder after the reaction had finished, which 
is what would be expected from what has already been stated about the 
effect of curare on the motor tone of the bladder. In one experiment 
the effect was obtained after division of the brain through:the upper 
part of the pons. In five experiments the medulla was divided at 
various levels between its upper border and the apex of the calamu8; 
the effect was the same in all. The distension being carried on at the 
same rate as before making the brain section, it was found that the . 
pressure given by a volume just below that which previously produced 
the reaction was approximately the same as that given by the same 
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volume before the brain section. When the distension was increased, 
it was found that the bladder tolerated .a greater volume than before, 
and that the presehre rose gradually with egch volume increment tjll 
escape of water from the urethra finally occurred; after a small amount 
had escaped the escape stopped, the pressure dropping slightly but 
remaining higher than it had been at any time before the brain section 
was made apart from the rise with the reaction. After the brain 
section no rise of pressure as high as the reactionary one could be 
obtained by slow increments of volume, because whenever the pressure 
rose above a certain amount escape started from the urethra, tending 
to bring it down again; at the same time a higher pressure could be 
maintained after the section than before, since the corresponding 
volume would have evoked the reaction before the section and caused 
emptying of the bladder. In eight of the fifteen experiments cocaine 
was injected into the bladder; the effect of this on the bladder was 
exactly the same as that of dividing the medulla; the bladder tolerated 
a greater volume than before, and no sign of a reactionary contraction 
was observed. After both cocaine and division of the medulla 
rhythmic alterations in pressure were sometimes seen over and above 
those due to respiration; these had no resemblance to the reactionary 
contraction with gradually increasing distension, because firstly they 
were much less in degree; ‘secondly, they were more or less equal and 
quite regular for the same volume; and lastly, they usually diminished 
and finally disappeared as the volume was increased up to that giving 
a pressure which caused escape from the urethra; in no case were they 
increased by increasing the volume to this degree. In three experi- 
ments cocaine was injected into the bladder after-division of the 
medulla; it then had no effect either on the final volume tolerated or 
on the pressures corresponding to the various volumes retained. These 
results differ from those of Shattock [10], who found the intravesical 
injection of cocaine was followed by an increased toleration to distension 
both in pithed cats and in those under A.C.E. 

The ‘second way in which active contraction of the bladder was 
evoked was by withdrawing the catheter a fraction of a centimetre 
and then pushing it back to its original position; the stimulus of 
à smooth foreign body moving in the urethra would appear to be 
fhe same as а stream of urine passing through it. It was found that 
in intolerant bladders of low capacity an increase of pressure followed 
this with any degree of distension, but in bladders of larger capacity 
a certain degree of distension was necessary for its production and 
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that the greater the distension the greater the rise cf pressure evoked 
by. this form of stimulus. The rise of pressure produced in this way 
was on the whole not quite as large as that ptod&ced by distension, 
the largest seen being thirteen and a half times the original; in ' 
many cases, it was, however, quite enough to start reflex micturition, 
the bladder contents being passed at the side of the catheter: as 
in the first reflex, this one can: be obtained: after curare and after 
division of both hypogastric nerves. In three of the experiments the 
pudic nerves were divided. In one thé reflex did not appear affected 
by the operation. In.the second it was certainly more difficult to 
elicit and. when the rise of pressure did occur it was accompanied 
by & strong abdominal contraction. In the third the hypogastric 
nerves had previously been divided; a rise of pressure still occurred 
‘on moving the catheter after division of the pudic nerves, but it was 
so small as to raise doubts as to whether it was due to contraction 
of the bladder. After division of the medulla either no increase in 
pressure at all followed the movement of the catheter or it was small 
énough фо be considered as due, to the mechanical effect and not 
to bladder contraction at all: Injection of cocaine into the bladder 
abolished the reflex in some cases and not in others; anesthesia of 
parts of the urethra by this means is probably fcrtuitous, so if the 
reflex arises from part of the urethra this is what would be expected. 
From these results it was concluded that in micturition there are 
two reflexes leading to's powerful contraction of the bladder; one 
arises from distension of the bladder and the other from urine running 
through the urethra; both reflexes are destroyed by transection of 
the medulla.’ А 

For the purpose for which it was used the method just described 
is open to three objections. Firstly, as the results themselves show, 
at any rate under certain conditions, the presence of a catheter 
in the urethra is a disturbing factor. Secondly, the movement in 
and ‘out of the catheter itself may produce а pressure alteration which 
is unknown. Thirdly, though it is improbable, the second reflex 
contraction described might be due to the end of the catheter-touching 
the wall of the bladder and not tó the catheter stimulating the walls 
of the urethra. For these reasons and to examine the efferent side 
of, the urethral reflexes another method was used. 5% 

An examination of the distribution of the branches of the hypo- 
gastric plexus to the bladder and urethra showed that it ‘appeared 
anatomically possible to’ divide the bladder at-its neck, 1.е., just 
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proximal to;where the urethra begins to expand, and tie a cannula 
into both cut ends so that the pressure of urethral resistance and of 
“bladder distension could be observed simultaneously. А 

The method consisted in making a median suprapubic incision, 
and exposing the ventral surface of the neck of the bladder. A 
ligature on a curved needlé was then put round it without dissecting 

` its sides or dorsal surface and taking care to keep the needle close 
against the bladder, an incision was made into the neck distal to 
the ligature and а glass cannula tied in. A second thread was then 
passed in the same way distal to the incision in the bladder neck 
and a-second cannula, which except in the earlier experiments was 
filled with water, tied into the cut. end continuous with the urethra. 
The part of the circumference of the bladder neck not already divided 
‘was then cut through so that the two parts were completely separated. 
A metal worm in a warm-water bath was interposed between each 
cannula and its manometer. The water manometers used were 
vertical tubes with a T-piece at the lower ends fitted with clamps; 
they could be filled by connecting a burette to the ends of the T-pieces 
not connected with the cannula. The tube of the urethral manometer 
was wide (1 c.c. = 8 ст.), so that an escape of water from the external 
meatus should not cause a very rapid fall of pressure. The tube 
of the bladder manometer was narrow (1 c.c. = 34 cm), so that a 
large pressure alteration should not cause a very marked volume 
alteration. Cats of both sexes were used, but females were found 
more satisfactory, partly, no doubt, because the anterior part of the 
urethra, which is useless for micturition is absent, and probably partly 
because the ‘urethral resistance at the compressor is less than in 
the -male. 

Five reflexes were found by this method, three leading to contrac- 
tion of the bladder and two leading to relaxation of the urethra. The 
three leading to contraction of the bladder were those already described 
and will be considered first. 

The reflex contraction of the bladder provoked by its own distension 
was examined in the same way as in the previous series of experiments 
and the results obtained were’ similar. The bladder was distended by 

* running in equal volumes of water (24 to 10 c.c.) every other minute 
“апа the pressure noted a minute after each increase of volume. The 
volumes at which reaction occurred were about the same for each 
individual, provided the rate of distension was the same, but varied 
considerably in different individuals. .The volume just below that 
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which provoked the reaction gave an intravesical pressure which was ' 
always less than 10 cm. and sometimes less than 5 em. ; the height .of 
the reactionary contractionegave a pressure from 40 #0 over 90 cm., the : 
highest pressure which the manometer used would record. The 
contraction usually took place while the water was actually being run 
in, but not infrequently it took place а few seconds after the volume 
increase had finished and then its whole extent could be actually seen. 
It is not implied from this that the stimulus is а factor of the volume, 
it is clearly a factor of the intravesical pressure and not volume, since 
а reaction can be provoked by a much smaller volume if it is run into 
the bladder fast than by that which is necessary if run into it slowly: 
the same conclusion was arrived at by Mosso and Pellacani [9] in an 
entirely different way and as a clinical observation it is probably much. 
older still. The few experiments which deviated from this description 
were clearly due to interference, probably by hemorrhage, with the 
brain in the posterior fossa and will be described after the conditions 
which destroy the reflex have been considered. The reflex can be 
obtained after division of both pudic nerves or both hypogastric nerves : 
both afferent and efferent paths are therefore by exclusion in the pelvic 
nerves ав was originally shown by Guyon [8]. The reflex was not 
obtained if the pelvic nerves were divided, if the spinal cord was . 
divided either in the lower thoracic or the upper cervical region, or if 
the interior of the bladder was cocainized. The bladder on distension 
in all three cases behaved in the. same way, the only reservation to be 
made being that in the case of cocaine the complete effect only lasts a 
few minutes; it is therefore necessary to run in such volumes every 
minute that the whole observation may. be completed quickly after the 
cocaine has been let out of the bladder. The pressures corresponding 
to volumes tolerated before any of these three operations were performed 
were not less for the same volumes after performance of the operation. 
When the bladder was distended further, the pressure increased with - 
each volume increment, the increases of pressure becoming greater for 
each volume increment the greater the distension of the bladder. No 
sign of a reactionary contraction was ever seen and the only thing that 
could possibly be mistaken for it was the presence in some experiments | 
of the undulatory contractions already described; in addition to һе” 
reasons already given showing that these are not reflex contractions " 
they were found to be present in some cases after division of both 
pelvic nerves. The statement that the pressures given by volumes 
tolerated before division of the cord or pelvic nerves are not less for the 
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saine volumes after may at first sight appear at variance with the 
results already described and tracings shown in the section on the 
motor tone of the*bladder. These experiments were, however, made at 
в pressure of 10 cm. and as already stated the bladder of a decerebrate 
cat reacts before this pressure is arrived at: the bladders in the volume 
experiments were therefore probably in а continual state of reaction 
and the sharp undulations shown in the curves really represent 
reactionary contractions, This conclusion is confirmed by the fact, 
already stated, that the most marked volume effects following these 
operations were found to occur when marked sharp undulatory contrac- 
tions were present. From these results it is concluded that the reflex 
contraction of the bladder resulting from distension has both its paths 
in the pelvic nerves and that the paths down the central nervous system 
from the level of origin of the motor tone of the bladder to the origin of 
the sacral roots forming the pelvic nerves are essential to its existence. 
The experiments mentioned, where the behaviour of the bladder differed 
from that described, either, showed the same volume and pressure 
relations as if the cord had been divided or with low volumes powerful 
irregular contractions were present as shown by considerable irregular 
increases of pressure; as the volume was increased these contractions 
usually got greater, but from the fact that the pressure they started from 
was so irregular it was impossible to say that апу опе ‘of them was a 
reactionary contraction. Both these conditions appear to be due to 
failure of the functions of the lower part of the brain, the second being 
the early stage and the first the final one. The reasons for concluding 
this are, firstly, that in some experiments the bladder first reacted in 
the usual way, later the ‘powerful irregular contractions set in, and 
finally it behaved as if the cord had been divided ; some time after this 
respiration ceased while the heart continued beating, this having been 
preceded by spasmodic inspirations and these by rapid respiration with 
an occasional deep inspiration. Secondly, in those experiments where 
all stages were not seen but where the abnormality occurred, respiratory 
failure developed in the same way later. From the fact that the 
bladder motor tone centre is higher than the respiratory centre, the 
bladder would be expected to be affected before the respiration in 
“decerebrate animals. . а 
'* The second reflex leading to & powerful contraction of the bladder 
was evoked by running water through the urethra. ‘The rise of pressure 
so produced was about the same degree as that in the last reflex 
described. It was investigated by distending the bladder to a volume 
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below that which had previously been found to, produce a reflex con- 
traction and after waiting a few minutes for the immediate effect of 
disjension to pass off the pressure was read: and noted at short intervals. 
The urethral stimulus was applied by gradually i increasing the pressure 
in the urethral manometer till it became just sufficient to overcome, its 
resistance, water would then escape, from the external meatus and the 
pressure in the urethral manometer would fall in consequence. ' After 
an appreciable latent period of about two seconds the bladder pressure 
began to risé, in several experiments it rose to over 90 cm. The 
pressure, remained up, though not at its highest, until the escape of 
water from the external meatus stopped. The contraction of the ' 
bladder‘occurred in these ‘circumstances even when it was practically 
empty, since when the bladder cannula was disconnected from its 
manometer a few drops of water could at. times be seen to be expelled 
from its open end after the escape of water from the external meatus 
had started. This reflex was not affected by division of both hypo- 
gastric nerves. It ‘could be obtained after cocainizing the interior of 
the bladder, showing that the bladder motility is not impaired by 
cocaine and therefore that the abolition of the reflex contraction 
resulting from distension described in the last paragraph must be due 
to sensory loss. The reflex was abolished by division of both pelvic 
nerves, or division of the spinal cord either in the lower thoracic or 
upper cervical regions. From these facts it may be concluded that the | 
efferent path of this reflex in the pelvic: nerves and;'as in the first 
reflex, that the paths from the middle of the pons for the motor tone' 
of the bladder must be intact for its existence. In nine experiments the 
pudic nerves were divided after this reflex had been obtained, the pelvic 
and hypogastric nerves being intact : in eight the reflex could not 
be obtained after, but in the remaining one it could ; in this experiment 
it “was abolished, /by subsequent division of the hypogastric nerves. 
Afferent fibres for this reflex must therefore be -constantly present in 
the pudic nerves: whether these are only exceptionally present in the 
hypogastric or whether they are constantly present and were usually 
destroyed by the operative precedures on the neck of the bladder was 
not decided.’ | 

In making the experiments just described a reflex’ rise of intra-* 
vesical pressure was observed which was easily distinguished from that* 
just described and which was first believed to be due to some extra- 
vesical cause. When the pressure in the urethral manometer was. 
being raised, as the pressure equal to the urethral resistance was, 
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approached sharp’ transitory rises of intravesical pressure amounting 
only to a few centinsetres were very frequently observed. The stimulus 
of this. reflex ,was efidently distension of:the posterior urethra, since ip 
“one experiment as ‘the urethral pressure was gradually raised it fell 
4 em. each timé it reached 80 cin. , though there was no escape, of. water 
from the meatus till it was raised to 50 сш. :. when it fell this 4 cm. the 
bladder pressure immediately gave a small transitory rise and such rises 
continued after. This reflex rise of intravesical.pressure was, however, 
seen to its greatest extent if instead of gradually increasing the urethral 
pressure this was suddenly increased by renioving the clamp when the 
‘pressure in the manometer was just -above that previously found 
necessary to force the sphincter. In these circumstances water did not 
‘usually | escape from the external meatus for some seconds, but 
À immediately the urethral pressure was increased the bladder pressure 
rose, often 10 cm., and rapidly fell again at once, the rise and fall 
taking about five seconds. That this rise of pressure was due to a 
bladder contraction was demonstrated by exposing the bladder through 
в lumbar incision and seeing it contract. This reflex is present after 
division of the spinal cord, both pelvic nerves, or both pudic nerves, 
but is abolished by division’ of both hypogastric nerves or the lumbar 
splanchnic nerves. Both paths of the reflex are therefore in the 
hypogastric nerves. 

The fourth and, fifth reflexes found by this method lead to relaxation 
of the urethra ;, they were evoked respectively by running water through 
the urethra and by distending the bladder. The fourth reflex will be 
onsidered first. 

If the. bladder was empty; or only contand 8 yolume less than that 
which caused a.reflex contraction, and the urethral manometer was 
_gradually- filled by running in equal quantities of water at equal 
intervals of time, when а certain pressure was reached water escaped 
from the urethra, usually after a few preliminary contractions of the 
perineal muscles. The escape was.rapid and continuous and was either 
uniform or showed rhythmic accelerations, but, at any rate in females, 
never stopped and afterwards began again. As a result of the escape 
‚ of the water the, pressure fell and, when the escape had stopped, 
remained constant at a considerably lower value. If now the same 
operation. was repeated the escape from the meatus did not start again 
till approximately the same pressure as that which produced it pre- 
‚ Viously was arrived at, when the escape started and the pressure fell to 
approximately the same value as before. „The figures from. the first 


2 
d 


- d e. 
48 ORIGINAL ARTICLES AND CLINICAL CASES 


experiment of this kind made (on а female cat) may be quoted for the 
sake of clearness. The pressure was gradually raised till- escape of 
water from the meatus gtarted when it was 34 ch., in the- next half 
minute it fell to 10$ cm., when the escape stopped and.in consequence 
the pressure remained constant; the pressure was then increased again 
by 5 cm. each minute, escape of water from the meatus started again 
when the pressure was between 80 and 35 cm., and in the next half 
minute fell to 11 cm., when the escape stopped and the pressure 
remained constant. The fact that pressures above 11 cm. and below 
30 cm. were resisted by the urethral muscles when the water was not 
escaping from the meatus, and not when it was, can only be due to a 
reflex relaxation of the urethra while the water is flowing. This reflex 
is still obtainable after division of both hypogastric nerves. After 
division of both pudic nerves water escapes from the external meatus 
under a much lower pressure than previously, unless the pressure is 
very high the escape is slow; when finally the escape has stopped any 
increase of pressure, even 1 cm., causes the escape to start again at 
once. The reflex is therefore abolished by division of both pudic nerves. 
It is a curious fact that sometimes the pressure to Which the urethral 
manometer fell at the end of the reflex was lower than that of the 
urethral resistance after division of both pudic nerves. In this connec- 
tion it is well to remember that the pelvic nerves are known to send 
inhibitory and the hypogastric motor fibres to the smooth muscle of the 
urethra [11], so it is possible that they take part in the efferent side of 
this reflex; if this is the case no effect would be produced on the reflex ` 
by their division unless they contained its afferent fibres as well; since 
by the method employed the whole urethral resistance was examined 
and it is well known that by far the greater part of this is due to 
striped muscle supplied by the pudic nerves [8]. It has been shown 
previously [1] that the pelvic nerves exercise an inhibitory tone on the 
urethra and that the hypogastric nerves do not exercise & motor one, so 
if either of these nerves take any part in the reflex the pelvics would 
appear the more likely. Neither division of both pelvic nerves nor 
transection of the’ spinal cord, either in the lower thoracic or upper 
cervical regions, abolished this reflex, but they did modify it apparently 
in exactly the same way. After each of these operations the pressure 
the urethra resisted was found to be rather increased. As the pressure 
was raised contractions of the perineal muscles started if they were поё 
present before, or became more numerous and stronger if they were. 
When the resistance was overcome the water escaped in a series of jets 
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with definite pauses between them which got longer as the pressure in 
the manometer fel the result of which was that the fall of pressure 
took a longer time fb be completed. The fall af pressure after the escape 
had started was usually less in degree than when the pelvic nerves and 
spinal cord were intact, at the same time it was quite easy to show 
that intermediate pressures were supported after these operations as 
before, therefore the reflex must still have been present. From these 
facts it must be concluded that both paths of this reflex are in the pudic 
nerves, with the possible reservation for the inhibitory fibres of the 
pelvies, already mentioned, taking a small part in it. . The modification: 
` of the reflex in the, same way by division of either the pelvic nerves or 
the spinal cord is possibly due to the fact that both these lesions abolish 
the reflex bladder contraction provoked by running water through the 
urethra. In describing the next reflex increased intravesical pressure 
will be shown to be associated with a reflex relaxation of the urethra. 
It is possible that the same may occur from contraction of the bladder 
even though it ів empty. If this is the case the reflex. contraction of 
the bladder which follows the running of water through the urethra 
“would reinforce the direct reflex relaxation just described and division of 
either both pelvic nerves or the spinal cord would abolish this rein- 
‘forcement. In в few experiments the effect on this: reflex of injecting 
cocaine into the bladder was found to be of the same kind as that of 
dividing the pelvic nerves, but it was never of the same degree. 

The fifth reflex was demonstrated by filling the urethral manometer 
to a pressure intermediate to that which was previously found to start 
an escape of water from the external meatus and that to which it fell 
when this escape occurred. The bladder was then filled by running in 
equal amounts every other minute as before. Directly the reactionary 
rise of intravesical pressure took place water started to run from the 

` external meatus, and the pressure in the urethral manometer rapidly fell 
in consequence. ‘The pressure to which the urethral manometer fell 
when a reflex was provoked by this means -was usually lower than that 
to which it fell when water was simply run through the urethra with 
the bladder empty as described for the demonstration of the fourth 
reflex; this was ‘presumably because .the fourth reflex was actually 
oécurring ав well as the fifth and so reinforced the effect of the latter. 
The same effect was produced if both hypogastric nerves had been 
divided. Division of both pelvic nerves abolished the reflex. It was 
also abolished if 5 c.c. of 4 per cent. cocaine hydrochloride was injected 
into the bladder and left there twenty minutes or more; this effect was 
BRA(N,— VOL. XLIV. а 4 
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not very easy to observe on account of the transitory nature ol 
of cocaine already mentioned. Division of the spinal cord in 
Iqwer thoracic or upper cqrvical region did not abolidh the refi 
this operation the volume which. previously caused a reflex c 
of the bladder bad no effect on the urethra, and it was not til 
increase in the distension of the bladder leading to a considers 
tion in the intravesical pressure had been produced that wat 
from the meatus and the pressure in the urethral mano) 
When this had started, each subsequent increase of volume, 
course to a still greater intravesical pressure, usually causec 
escape of water from the meatus and further fall of presst 
urethral manometer. If the urethral pressure which just с 
escape of water from the meatus was determined by the 1 
gradual increments from zero already described when th 
pressure was considerably raised by distension and then арай 
bladder had been emptied, it was found that a greater pre 
necessary to force the urethra with the empty bladder thar 
distended. From these facts seen after transecting the cord it 
that the stimulus depends on the tension of the bladder wall: 
the degree to which it is stretched, and further that the тей 
tinuously acting so long as this tension remains sufficient ti 
Distension of the bladder produced contractions of the perine: 
like raising the urethral pressure, though not to the same ext 
latter; the.escape of water from the meatus occurred in 
division of the cord and these could be seen to be synchronou 
intervals between these contractions. The afferent path of 
must. therefore be in the pelvic nerves. The efferent path m 
the pudic nerves, since after division of these no effect could b: 
on the residual urethral resistance by distension of the bladde 
From the foregoing remarks it is evident that the fi 
demonstrated by the method under consideration are о]! 
nature that when one starts the others are brought into a 
matically. If, as seems probable, though no evidence has bee 
forward to prove it, the first reflex to occur is the contract 
bladder provoked by distension, this contraction will of itse 
relaxation of the urethra through the fifth reflex described ; 
running through the urethra will by itself lead to a relaxatio 
the fourth reflex described, and after a latent period of tw 
seconds it will also lead to a contraction of the bladder ав 1 
stream lasts through the second reflex. The importance of i 
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reflex. for emptying ‘the bladder is evident, as if it did not exist the 
lowering: of intravesical pressure due to the escape of urine would 
abolish the stimulus provoking the first reflex and so the contraction of 
the bladder ‘would not persist to the end. The use of the third reflex, 
which.depends оп the hypogastric nervés, does not appear very evident. 

After transection of the spinal cord the first and second reflexes are 
abolished but not the third, fourth and fifth, hence the escape of urine 
from the urethra of such animals is due to reflex relaxation of the 
uréthra through the fourth and fifth reflexes, the feeble and transitory 
contraction evoked through the third reflex being incompetent for the 
purpose. The constant presence of residual urine in these circumstances 
is no doubt due to the absence of the first and second reflexes. The 
conclusion of Goltz [6] that micturition can take place after spinal tran- 
section was based on the assumption that the reflex escape of urine found 
by Giannuzzi [5] and himself to occur some days after this operation was 
' due to reflex contraction of the bladder, but he described no observations 
proving that this in fact occurred. То make certain that the stage of 
“spontaneous micturition,” now so well known to occur in animals. 
‘some days after a spinal transection, was not due to the reappearance of 
a reflex contraction of the bladder, the spinal cords of two female cats 
were divided respectively at the 8th and 9th thoracic roots under chloro- 
form. After twenty-six and thirty-five days respectively, the cats were 
decerebrated and examined: by the experimental method under con- 
sideration. In both of them the fourth and fifth reflexes were present. 
No sign of a reflex contraction of the bladder could be obtained by 
distending it. On raising the pressure in the urethral manometer, в 
moderate volume being present in the bladder, sharp transitory increases 
of bladder pressure up to 6 cm. took place both before and at the time 
water began to escape from the external meatus, but no sustained or 
greater rise of pressure was present. Hence, even when spontaneous 
micturition has become established, the two reflexes which lead to a 
strong and sustained bladder contraction are still-absent. 

The existence of these five reflexes affords а ready explanation 
for the fact that urine in normal cats, as shown by Griffiths [7], is 
held at the internal meatus, whereas in cats that have had a spinal 
transection, both pelvic: nerves divided” or the posterior sacral ‘roots 
divided, it is held at the compressor urethrw [1]. The resistance of 
the urethra after division of the pudic nerves is greater than the 
pressure the bladder will. tolerate without reacting: the greater part 
of this resistance, at any rate in females, must be due to the smooth 
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muscle of the posterior urethra, hence the posterior urethra will 
normally always be closed except when a reaction is occurring, i.e., 
during micturition. А ег any of these three® lesions mentioned,’ 
however, the reaction of the bladder to distension is abolished, hence 
it allows its pressure, to rise to a much greater extent without urine 
escaping ; the posterior urethra can then be forced but the compressor 
being stronger will hold the urine for a longer time till the pressure 
has increased still further. The same effect should be produced by 
cocainizing the bladder, but as already stated this wae not found to 
be the case; the explanation of this discrepancy would appear to be . 
that during the time necessary to fill the bladder and take the X-ray 
the effect of the cocaine had, at any rate partly, worked off. 


(4) Miorurrtion IN DEGEREBRATE CATS. 


The passage of urine in a forcible stream very commonly occurs 
five to ten minutes after decerebration ; in such cases there is nearly 
always a distinct, though often” small, quantity of urine left in the 
bladder. -This residual urine, from what has been said of the effect 
‘of chloroform on reflex micturition, can be accounted for by the 
cats not having recovered from the chloroform at this time. This 
passage of urine is such a frequent occurrence after decerebration 
when there is any quantity of urine in the’ bladder at the time that 
it is impossible to doubt that if is due to the operation; from its 
frequency it appears to be due to the removal of an inhibitory influence 
arising in the part of the brain removed, and not to any secondary. 
result of ‘the operation such as bleeding into the posterior fossa. 

Hight cats were decerebrated—all but one under aseptic conditions— 
and after arrest of bleeding the skull cavity was filled with paraffin, 
wax by Bazett’s method [2] and the wound closed. As it was. 
necessary to tell when the cats passed urine, they could not be kept 
in a bath as was done by Bazett. They were, therefore, put in 
‘a closed cage in which a number of electric lights were fixed. The 
rectal temperature was taken periodically and the temperature of 
the cage altered when necessary by altering the number of lights 
burning. The experiments were all made in July or August. The 
duration of decerebrate life varied from 4 to 40 hours and averaged 46 
to 17. The cage was placed on а tray which sloped towards its: 
centre where it was perforated, a receiver placed under the-perfora- 
tions showed whether urine had been passed or not. In. six of 
the eight, cats micturition’ appeared to be performed normally. It 
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took place nineteen times: and was actually seen in four of the 
nineteen. The urige was passed in a stream, finishing with a few 
jets associated with perineal contractions. Balpation of the abdomen 
after showed the bladder to be either empty or only to contain a 
small volume of urine such as might have accumulated in the interval 
of time since it was last looked at. The volume passed at each 
micturition varied from 10 to 120 с.с. and averaged 47 c.c., which is 
rather below the average quantity passed at a single micturition by 
a normal cat. The cat, which lived forty hours after decerebration, 
weighed 8,170 grm. and micturated seven times, the volume passed 
at each micturition varied from 34 to 70 c.c. and averaged 58 c.c. 
There, therefore, seems to be a slight degree of frequency of micturition 
in decerebrate cats, but the act of micturition itself is performed 
normally. In the other two cats micturition was not normal in that 
there always appeared to be residual urine about 5 to 10 с.с. in one 
and about 10 to 20 с.с. in the other. In both the amount of urine 
passed at each micturition was very small, 5 to 16 с.с. in one and 
2 to 19 c.c. in the other. When micturition occurred if was passed 
in a stream in one, but it was never actually seen in the other. 
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ÀxoNG the injuries to peripheral nerves resulting from gun-shot 
wounds, those most frequently overlooked, in the writer's experience, 
are lesions of the posterior tibial nerve. By the posterior tibial nerve 
is meant that part of the continuation of the internal popliteal nerve 
which lies between the lower border of the popliteus muscle above and 
the hollow behind the internal malleolus below. With injuries to the 
internal popliteal nerve itself (1.е., that portion of the internal division 
of the sciatic nerve lying above the lower border of the popliteus) this 
communication does not propose to deal; the resulting paresis of the 
calf muscles alone usually draws attention at once to the nature of the 
lesion. With the posterior tibial nerve, however, the case is different; 
the motor disability is relatively slight, more particularly when the 
lesion is below the origin of the nerve branches supplying the flexor 
longus hallucis and flexor longus digitorum muscles. The patient 
usually appears complaining of pain or numbness in the foot; it is seen 
that he is able to plantar-flex the foot at the ankle and also to flex the 
toes. The condition is often termed “functional” and the patient 
labelled “ neurasthenia." Many of the sixty-four cases on which the 
following observations are based were received with such a diagnosis. 
When any penetrating wound of the calf or ankle has occurred, there- 
fore, it is important to make a careful examination.of the foot with 
regard to the presence or absence of sensory changes over the plantar 
area, and of paresis, atrophy or abnormalities of electrical reaction in 
the intrinsic muscles of the foot. i 

Lesions of the posterior tibial nerve, among nerve injuries generalfy, 
are somewhat uncommon. In 1,688 injuries to peripheral nerves,” I 
met with sixty-four posterior tibial nerve lesions. This incidence is 
higher than that in both Purves Stewart’s and Evans’s series of 520 
cases of nerve injury—four posterior tibial lesions (0°76 per cent.) — 
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and in Tinel’s series of РЕВ posterior tibial lesions (2'8 per 
cent. ). e. 

To review briefly the anatomy of the pogterior tibial nerve. From 
its origin at the lower border of the popliteus muscle, where the 
internal popliteal nerve ends, the posterior tibial nerve lies on the 
tibialis posticus muscle and the tibia, occupying with the posterior tibial 
vessels a sheath in the intermuscular septum which divides the super- 
ficial from the deep muscles of the back of the leg. During its course, 
the nerve supplies muscular branches to the flexor longus hallucis and 
flexor longus digitorum; the branches of supply to the two heads of 
gastrocnemius, soleus and tibialis posticus and the communicans tibialis 
are usually given off from the internal popliteal nerve in the lower part 
of the popliteal space. The soleus and tibialis posticus are often 
supplied by a common trunk, but occasionally the nerve to tibialis 
posticus may arise separately from the upper part of the posterior 
tibial nerve. As regards cutaneous branches, the internal calcaneal 
nerve is given off near the termination of the posterior tibial trunk; it 
pierces the internal annular ligament and is distributed to the skin of 
the heel and the posterior part.of the sole. The posterior tibial nerve 
then terminates by dividing into internal and external plantar nerves 
beneath the internal annular ligament, the former nerve supplying 
flexor brevis digitorum, abductor and flexor brevis hallucis, the first 
lumbrical and the skin of the inner part of the sole as far as the 
mid-line of the fourth toe. The external plantar nerve supplies 
accessorius, the interossei, abductor and flexor brevis minimi digiti, 
the three outer lumbricals, adductor hallucis and the outer part of the 
skin of the sole from the mid-line of the fourth toe. The plantar 
collaterals supply, by means of dorsal branches, the dorsal surface of 
the ungual phalanges. 

The internal plantar nerve is homologous with the median nerve of 
the hand and the external plantar with the ulnar. 
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I.—SyNDROME OF COMPLETE INTERRUPTION. 


The nerve fibres of the lower or peripheral segment of the nerve 
arè entirely cut off from those of the upper or central end. This 
separation occurs for.the reason: that the nerve is completely severed, 
extremely compressed, or owing to the formation of a fibrous cicatrix 

' ав the result of tearing or bruising of the nerve. 

Even when the nerve is wholly divided and the skin of the plantar 

area completely anesthetic and analgesic, considerable pain in the sole 
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of the foot on walking may be the main symptom. The source of the 
pain is the end-bulb of the upper segment, thé sensation being referred 
to its area of distributiop, a point sometimes lost* sight of. On the 
other hand, the complaint may be “numbness and weakness” in the 
foot, especially on exertion. ° | 

The physical signs of complete interruption are as follows :— 

Sensory disturbances.—There’ is loss of sensibility to light touch 
(cotton wool) and pin-prick over the entire sole of the foot, the area of 
loss extending laterally to about balf an inch beyond the margin of the 





Fre. 1.—The area of loss of cutaneous sensibility with complete interruption of the 
posterior-tibial nerve. The upper limits of loss of sensibility to cotton wool are represented b 
the continuous line ; over the shaded areas senaibility to pin-pwiok is also lost. Toss of bot 
cotton wool and pin-priok sensibility is contanued over the entire sole of the foot. From a 
case (Oase 1) ın which at subsequent operation the nerve was found to be completely severed. 


sole; the area of anssthesia to light touch is, of course, slightly more 
extensive than that of analgesia to pin-prick. On the inner side of the 
foot the margin of both anesthesia and analgesia is well defined ; on the 
outer side adjoining the external saphenous area it is less definite. In 
. some diagrams of the cutaneous area supplied by the posterior tibial 
nerve through its calcaneal, internal and external plantar branches, 
the lateral limits of the area are shown parallel to the margins of the 
foot throughout its length. I-have invariably found, however, that in 
complete interruption of this nerve the cutaneous loss of sensation 
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involves a considerable portion of the lateral and posterior aspects of 
the heel (vide fig. 1). Owing to the relative thickness of the skin of 
the plantar area, serfsation to cotton wool ів often difficult to estimate, 
but this is not usually the case at the margins of the foot, to which 
particular attention should be diregted. The dorsal surfaces of the 
outer four toes are usually described in posterior tibial nerve lesions as 
being insensitive to light touch, while no loss of sensibility to pin-prick 
is found over either their dorsal or plantar surfaces (fig. 2A). While 
this distribution occasionally holds good, I have nevertheless found 
considerable variations. For instance, in one case in which subsequent 
operation showed the posterior nerve to be completely severed, loss of 





Fic. 2.—Illustrating variations in the loss of sensibility (to light touch and pin-prick) 
over the dorsal surface of the toes in complete interruption of the posterior tibial nerve. The 
continuous lines represent the upper limi of loss of sensibility to light touch (cotton wool); 
sensibility to pi n puer 13 also lost over the shaded portions. The loss to both forms of sensi- 
bility is continued round the anterior extremities сї the toes to the plantar aspect in B and 
О and around the first, fourth and fifth in D. In A there ів no loss of sensibility to pin-prick 
over the plantar surfaces of the outer four toes, but in D this form of sensation is lost on the 
plantar aspects of the third and fourth toes, but not of the second and third. 


sensibility to pin-prick was present over the plantar surfaces of the 
toes and extended round their extremities to half way down the nails; 
loss of sensation to cotton wool was also present on the dorsum of the 
hallux, which is unusual (fig. 2 B). In a second саве, the loss to pin- 
prick extended down the dorsal surfaces of the outer four toes as far as 
the proximal inter-phalangeal joints (fig. 2C), and in a third case of 
complete division of the nerve, the outer two toes were insensitive to` 
cotton wool and pin-prick stimuli both on their dorsal and plantar 
aspects, while the second and third toes exhibited normal sensibility on 
their dorsal surfaces, sensibility to cotton wool only ‚being lost on the 
. plantar (fig. 2D). Also, in my experience, if is more usual to find 
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sensibility £o pin-prick absent than present over the plantar aspect of 
the toes. In most cases I have found no loss of deep pressure sense ; 
„іп two cases only was €&here apparent loss of deep sensibility over а 
small area of the plantar aspecj of the heel. 

Motor disturbances.—On inspection, it is found that there is usually 
hyper-extension of the proximal phalanges of the outer four toes and 
acute flexion of the second and third phalanges; this occurs owing to 
paralysis of the interossei which normally flex the toes at the metatarso- 
phalangeal joints and extend at the interphalangeal joints. The plantar 
muscles are paretic and wasted, the concavity of the plantar arch thus 
being exaggerated; in my experience, however, any marked degree 
of pes cavus is seldom met with. When the lesion lies below 
the origin of flexor longus hallucis and flexor longus digitorum, 
flexion of the toes is well performed owing to the action of these 
undamaged long flexors, but in many cases the degree of flexion is not 
80 great as is possible in the toes of the normal limb; in others there is 
no difference. The degree of extension of the toes is often somewhat 
limited ag a result of paralysis of the interossei and, for the same 
reason, they cannot be separated. The ankle-jerk is usually much 
diminished or is absent. 

When the lesion lies above or involves the branches supplying 
flexor longus hallucis and flexor longus digitorum, in addition to the 
changes described above as resulting from complete interruption of 
the nerve at the lower level, voluntary flexion of the toes is impossible. 
The patient also has some difficulty in rising on the toes of the 
aftected leg, but he is not entirely unable to do во. 

Electrical changes—In most works on medical electricity and 
nerve injuries, the motor points of the muscles supplied by the 
plantar branches of the posterior tibial nerve are not mentioned. 
They are therefore shown on fig. 3. Prior to testing the electrical 
reactions, the foot should be soaked in warm water for ten to fifteen 
minutes. In a,complete lesion, on stimulating the posterior tibial 
nerve behind the internal malleolus with faradism, no response will 
be evoked in the plantar muscles. Similarly, when the active 
electrode is placed on the motor points of the various muscles 
supplied by the nerve, no contraction will occur. With galvanibm, 
в response can usually be elicited in flexor brevis digitorum, abdu¢tor 
hallucis and in the interossei, the degree and nature of the contraction 
varying with the length of time that the nerve lesion has existed ; 
in complete lesions of some months standing, the reaction is very 
sluggish and A.C.C. is greater than K.C.C. 
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With the condenser set—which I have invariably used for testing 
reactions in nerve injuries'—a response cannot usually be obtaimed 
at 100 volts in a normal flexor brevis digitofum and abductor hallucis 
with any stop under No. 6 (0°10 microgarads) and in normal interossei 
under No. 5 (0°083 mierofarads* Lewis Jones scale. In complete 
lesions of the posterior tibial nerve, no response can usually be 
elicited in the affected muscles even with the highest stop—No. 12 
(4°0 mierofarads) at 100 volts. 


nerve 





Abductor hallucis 


Fig. 8.— The motor points of the muscles supplied by the posterior tibial nerve 


In cases in which the flexor longus hallucis and flexor longus 
digitorum are involved, the response to faradism is absent in these 
muscles, and with the condenser а reaction will not, as a rule, be 
obtained with any stop below No. 10 (2/0 microfarads at 100 volts). 

. Trophic disturbances may be present in the form of scaly desqua- 
mation or mechanical ulcers over the sole of the foot; the latter 
lesions usually occur on the heel or at the base of the great or 
little toes. 
1 Brit. Med. Joun., Beptember 11, 1990. 
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Of the sixty-four cases of posterior tibial nerve lesions in my series, 
in sixteen interruption of the nerve was complefe. Of these sixteen : 
eases, in twelve the site of the injury was below the point of'origin 
of the branches to flexor longas .hallucis ‘and flexor longus digitorum ; | 
in three it was above this level, and in the remaining case the injury 
involved the ‘nérve at the level of the origin of the branch to flexor 
: longus digitorum, the flexor longus hallucis, whica is supplied from ’ 
a slightly higher level, escaping and showing good VER M movement 
&nd normal electrical reactions. 

The following cases illustrate complete interruption of the posterior 
tibial nerve below the branches to the flexor longus hallucis and flexor 
longus digitorum, muscles :— 


Case 1.—0O. McO., seen May, 1918, had received a bullet wound through 
the lower part of the leg in June, 1917; owing to sepsis, three months elapsed 
before the wound healed. No none injury was suspected. He was sent, 
up for examination with the statement: “ This man professes that he cannot 
carty on and no reason can be found.” The complaint was one of numbness 
in the foot, a sensation as of pins and needles above the ankle and consequent 
difficulty in marching. ' 

The scar of the entry кен was seen just behind the postero-internal 
border of the tibia, four inches above the internal malleolus, the exit scar 
being situated immediately external to the tendo Achillis, three inches above 
the external:malleolus.- There was cutaneous anesthesia and analgesia over 
the entire. plantar area. All voluntary movements at the ankle-joint were 
normal and the. patient was ‘able to flex the toes, the degree of flexion, 
however, being less than in the normal foot. Flexor longus digitorum and . 
flexor longus hallucis responded normally to faradism, but no reaction was. 
obtained in flexor brevis digitorum, abductor hallucis, nor in the interossei; 
these muscles also failed to respond even on No. 12 stop (4°0 microfarads) at 
100 volts with the condenser set. І 

At operation, performed two days later, by Major Cecil Rowntree, the 
nerve was found densely adherent in firm fibrous tissue and, on dissection, 
was ‘shown to be completely divided, an interval of half an inch ‘separating the 
two extremities. 


Case 2.—A. B., seen September, 1918, had been wounded by & piece of 
shrapnel in September, 1917, the missile entering th-ee inches above the 
internal malleolus and leaving over the fibula, two inches above the exterral 
malleolus: The latter bone was. fractured and owing to sepsis the wound hed 
not healed until June, 1918, when he was discharged from the Army. No 
nerve injury had been diagnosed. : 

. On examination, the patient complained of “ burning pain,” aggravated 
by walking, in the gole of the foot and above the back of the heel. There‘ was 


н 
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eutaneous anmethesia and analgesia over the entire plantar area (fig. 2 B) 
and percussion over the entry wound gave rise to pain of a tingling character 
referred to the sole of the foot. All movements at the ankle-joint were 
. normal; the toes could be well flexed but extenfion was somewhat limited? 
The plantar muscles were paralysed and atrophied. No response could be 
obtained with either faradism, galvanism or on the highest stop (No. 19—4'0 
microfarads) of the condenser at 100 volts. 

At the subsequent operation, the posterior tibial nerve was found involved 
in dense scar tissue, which, on being dissected away, revealed an upper bulbous 
extremity united to the lower segment of the divided nerve by a thin fibrous 
cord an inch long. After removing the upper end-bulb and incising the 
lower fragment until nerve fibres were seen, it was found impossible to bring 
the two severed ends of the nerve together. Consequently, the operator 
turned down a flap from the upper segment of the nerve, joining it to the 
lower—a useless procedure if regeneration is to occur. When the patient was 
examined eighteen months later, all the signs of a complete posterior tibial 
nerve interruption were still present, there being no evidence whatever of 
regeneration. 


IIl.—SynpRomES oF INCOMPLETE INTERRUPTION. 


Incomplete interruption of the nerve functions may occur as the 
result of partial division, infiltration by interstitial traumatic hæmor- 
rhage, or by involvement in and compression by cicatrical fibrous 
tissue or a fibrous band. 

The sensory changes consist of loss of sensibility to cotton wool 
and pin-priek over the whole or only a portion of the plantar area, or, 
more frequently, mixed anesthesia and over-reaction. The external 
plantar area is invariably the more anesthetic, the internal plantar 
area often being the site of over-reaction. Varieties of the sensory 
changes that occur are illustrated by fig. 4. 

In lesions of the inferior part of the nerve, there is more or less 
paresis and wasting of the plantar muscles and interossei, ^with 
diminished or absent reaction to faradism. With the condenser set, 
reactions are obtained on stops from No. 9 (К 0 microfarad) to No. 12 
(4*0 microfarads) at 100 volts. 

When the nerve has been damaged at the higher level, there is, ın 
addition to the changes mentioned above, paralysis or weakness of the 
long flexors of the toes; in some cases voluntary movement in flexor 
longus hallucis is retained while flexor longus digitorum is paretic, 
and vice versa. In one of my cases, the lesion was complicated by 
a hysterical paralysis of the entire limb; the condition was easily 
differentiated by the extent of the paralysis and the faradic reactions. 
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та. 4.—Varieties of the sensory changes encountered in incomplete interruption of the 
osterior tibial nerve. Over-reactionis represented by vertical lines. Shaded areas represent 
oss of sensibility to cotton wool and pin-prick, while the continuous lines just beyond shaded 
areas indicate the limit of loss of sensibility to cotton wool. а and b = over-reaotion to pin- 
rick, with diminished sensation to cotton wool, over а portion of the internal plantar area 
Oase 5). с = Loss of sensibility to cotton wool and pin-prick over the greater part of the 
plantar area, a small area on the inner side (internal plantar) showing over-reaotion. d = loss 
of sensibility to cotton wool and pin-prick over the external plantar area with over-reaction to 
pin-prick over the internal plantar and caloanean areas. в = Loas of sensibility to cotton wool 
and pin-prick over the external plantar and external portion of the caloanean area, the 
remainder of the area of posterior tibial nerve supply being normal. (At operation it was 
found that the outer side of the nerve was thickened and adherent to the adjacent tissueg). 
f = A small area of loss of sensibihty to light touch and pin-prick in the external plantar 
area, the remainder of the sole showing over-reaction.. g = Loss of sensibility to cotton 
wool and pin-prick over the calcanean area, the external and internal plantar areas showing 
over-reaction. № = Over-reaction to pin-prick on the internal aspect of the calcanean areas. 
+ and j = Over-reaction to pin-prick, with diminished вепввііоп to cotton wool, over the 
internal plantar area, other areas being normal (Case 6). 
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The electrical reactions vary with the degree of the lesion; with 
faradism it will sometimes be possible to obtain & sluggish response 
in the long flexors bif not in the plantar musgles or interossei. With, 
the condenser, reactions are elicited on stops varying from No. 7 to 10 
(0°25 to 2:0 microfarads) af 100 volts in the long flexors, and No. 9 
to 12 (1'0 to 4'0 microfarads) in the intrinsic muscles of the foot at 
100 volts. | 

In practically all cases of incomplete lesions of the posterior tibial 
nerve, there are symptoms of more or less irritation of the nerve trunk. 
The irritation gives rise to painful sensory disturbances varying from 
simple neuralgia to intense causalgia. In my experience, however, the 
posterior tibial nerve is less often the seat of true causalgia than the 
internal popliteal nerve. Spontaneous pains, described as shooting, 
burning or pricking in character, may be complained of. The pain is 
intensified by movement, muscular contraction, extremes of heat and 
cold, and by mechanical stimulation of the plantar area. In some cases 
there is cutaneous anwsthesia over the sole of the foot, but deep pres- 
sure gives rise to considerable pain; in others, diminished sensibility to 
light touch (cotton wool) coexists with over-reaction to pin-prick. Fric- 
tion, firm tactile stimuli or pin-pricks applied to a plantar area of 
over-reaction results in a diffuse and radiating painful sensation of a 
burning or rending character, the stimulus being only imperfectly 
differentiated and localized by the patient. When, in an incomplete 
lesion of the posterior tibial nerve, there exists both over-reaction and 
anssthesia over the skin of the plantar area, it is almost invariably the 
internal plantar that exhibits the over-reaction. This is illustrated by 
the following case, which is also of interest in showing over-reaction 
of the lateral part of the heel, which has previously been referred to as 
being within the area of posterior tibial supply. 


Сазе :8.—A. М. O., seen April, 1918, was wounded through the ankle by a 
bullet in April, 1917, exactly a year previously. Since being wounded he had 
complained of pain in the instep and across the base of the toes, becoming more 
severe on attempting to walk. 

On examination, the entry scar was seen an inch above and behind the tip 
of the internal malleolus, the exit being just above the external mallealus. The 
greater part of the plantar area was insensitive to both cotton wool and pin- 
prigk, but on the inner side of the sole and heel there was an area showing 
marked over-reaction to pin prick but not to cotton wool (fig. 5). Flexion of 
the toes was well performed. The plantar muscles and interossei all failed 
to respond to faradism, and only reacted on No. 19 stop (4'0 microfarads) at 
100 volts with the condenser set, A diagnosis of adhesion in fibrous tissue, 
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with incomplete interruption and slight irritation, was made and exploration 
advised. . 

At the operation performed a dew days later by Maj& R. Jocelyn Swan, the 
*posterior tibial nerve was found tightly compressed and bound down ‘by a band 
' of fibrous tissue in the track of the missile; it was also. adherent to the sur- 
rounding tissues and exhibited slightefusiform enlargement. .Prior to freeing 
the nerve, faradic stimulation of its trunk above the lesion gave rise to а 
moderate response in the plantar muscles. — s 


cow 





Fra. b.— Changes in! cutaneous sensibility in в case of incomplete interruption with ' 
irritation of the posterior tibial nerve (Oase 8). The continuous lines in A and В represent 
the limits of loss of sensibility to cotton wool. The shaded portions are, in addition, 
insensitive to pin-prick, ` Over-reaction to pin-prick is represented by vertical lines, - 


In other' cases, the йа and signs of irritation prodominate, 
and the whole or greater part of the plantar area may exhibit intense 
over-reaction. Although voluntary movements are often retained in 
such cases, there is almost always some change in the electrical excit- - 
ability of the muscles. The skin of the sole may appear smooth, glossy 
and pinkish i in colour ; other trophic disturbances may be present in the 
form of profuse sweats or scaly desquamation. The actual lesions is 
often found to consist of slight adhesions between the nerve айа the 
surrounding tissues, the freeing of which affords considerable relief, 
or the nerve exhibits fusiform enlargement—due to interstitial hæmor- 
rhage—at the site of injury. The following example illustrates a case 
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in which the nerve was the seat of painful neuralgia, the whole plantar 
area showing over-reaction the freeing of adhesions greatly relieved 


i в 
the pain. i i 


Case 4.—R. A., seen June, 1917, had begn wounded through the calf by a 
bullet four weeks previously; for the past three weeks he has complained of 
intense pain in the sole of the foot, aggravated by any movement or upon the 
limb being touched, and which keeps him awake night after night; drugs 
have given little or no relief. 

On examination, the small entry and exit wounds were seen respectively 
on each side of the junction of the middle and lower third of the shank. The 
whole of the plantar area exhibited marked over-reaction to painful stimuli. 

' He flexed the toes somewhat weakly and reluctantly, stating that the move- 
ment gave rise to considerable pain. The long flexors of the toes responded 
normally to electrical stimulation, but he was unable to bear any attempt at 
testing the plantar and interosseous muscles. 

The nerve was exposed ten days later by Major R. Jocelyn Swan and, in 
the'track of the bullet, the nerve was found adherent tothe tibialis posticus 
muscle posteriorly; there was also slight fusiform swelling of the nerve. It 
was freed from the adhesion and wrapped in cargile membrane. 

When seen a month later, the patient still complained of slight pain in the 
sole of the foot (no doubt from the interstitial hamorrhage), but stated that 
“16 was nothing compared with what 16 was before" ; the pain did not interfere 
with hig sleep, and he was able to get about well. 

occasionally, & portion only of the plantar area exhibits over- 
reacb..j the remaining being normal. In such cases it is almost 
invariably the internal plantar area that is affected, as in the following 


„саве :— 


Case 5.—P. K., seen December, 1918, was wounded through the lower half 
of the calf by a shrapnel bullet in June, 1918. Ever since he has complained 
of pain in the sole of the foot; the pain experienced on putting the foot to the 
ground causes him to limp. 

On examination, there was no actual sensory loss, but a portion of the 
internal plantar area showed diminished sensibility to cotton wool but marked 
over-reaction to pin-prick (fig. 4&). АП movements at the ankle were normal 
and he was able to flex the toes, though performing the movement slowly and 
carefully. Flexor longus hallucis and longus digitorum reacted normally to 
faradism ; the plantar muscles responded only sluggishly to faradism, and on 
no, stop below No. 10 (2'0 microfarads) at 100 volts with the condenser. 

. 16 is probable that in this case the nerve was adherent on its inner 
dite to the adjacent tissue (as in Case б) and would have been greatly 
relieved by operation; unfortunately the patient was lost sight of. 

The following case is of interest as it is one of the few that I have 
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seen in which causalgic symptoms were due to в localized adhesion | 
of the nerve to its sheath and іп which all Rain was completely 


«relieved by the freeing of the adhesion : — 


Case 6.—P. W. was seen twoemonths after having received a penetrating 
bullet wound through the calf. At the time of being hit, he had experienced 
acute pain in the foot, and for three days had complained of pain extending 
from the level of the wound down the back of the leg to the toes ; following 
this the pain persisted in the sole of the foot only and would become much 
worse towards the end of the day. It was aggravated by any movement, cold 
and éxtreme heat, and the. patient was teluctant to allow the foot to be 
touched. 

On examination, thére was marked over-reaction io; pin- -prick over ‘the | 
greater part of the internal plantar area and extending on to the inner margin 
of the foot; this area was somewhat diminished in sensibility to light touch 
(cotton wool). The external plantar and calcanean areas were normal (fig. 4, 
iand j). All movements at the ankle-joints were good but the patient was 
unable to flex the toes. Faradic excitability was diminished in the long flexors 
and scarcely present in flexor brevis digitorum. The'forimer muscles reacted: 
on No. 8 ‘stop (05 mierofarad) at 100 volts, but nob below, with the 
condenser, while flexor brevis did not react below No. 9 (ГО mierofarad). 
^ At operation, performed a few days later by Major R. Jocelyn Swan, the 
track of the bullet was traced towards the nerve, when it was found that about 
1 inch above the level: of the entry wound the nerve sheath was much 
thickened ; on opening the sheath the nerve was found adherent on its inner 
side only ; this adhesion was broken down. For about inch at this level the 
nerve appéared slightly more purplish and translucent than above and below. 
It was wrapped i in cargile membrane and the wound closed. à 

The patient was seen about three weeks later and stated that. all pain 
disappeared about fourteen days after the operation. There was no cutaneous 
over-reaction present and the toes showed good voluntary flexion. When 
re-examined a month.later, beyond the presence of the scars, no abnormality А 
could be deteoted. 


Unfortunately, it cannot be claimed that all cases of causalgia 
yield so promptly to the liberation of the nerve from adhesions; not 
infrequently, no such adhesions are present, the nerve merely showing - 
slight fusiform enlargement or а bluish and translucent zone at, the 
site of injury. The intraneural injection of 90 per cent: alcohol or 
even séctión of the nerye above the level of injury may be necessany. 

Of the sixty-four cases of posterior tibial: nerve lesions, incomplete 
interruption had occurred in forty- eight. | Of these, in thirty, flexor 
longus hallucis and flexor longus digitorum were involved, the injury 
in the remaining eighteen being below the origin of their branches 


of supply. 
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SUMMARY. 


Injuries to the posterior tibial nerve are. frequently overlooked, no 
doubt because they cause no striking paralyds, all movements at the 
ankle-joint -being normal. More especially do they escape recognition 
when the lesion lies below the point*of origin of the branches supplying 
flexor longus hallucis and flexor longus digitorum muscles, as in such 
instances power of flexing the toes is retained. In all wounds involving 
the calf where there is a complaint of pain or weakness in the foot, 
8 systematic examination must be made of sensation in the plantar 
area and of the functions of the intrinsic muscles of the foot. 

When the posterior tibial nerve is damaged, changes in cutaneous 
sensibility—varying from over-reaction to complete cutaneous an- 
ssthesi& according to the degree of injury—will be found over the - 
sole, at the margins of the foot, and over the posterior and lateral 
aspects of the heel. There is also paresis and often atrophy of the 
plantar muscles and interossei, the toes being hyperextended ‘at the 
metatarso-phalangeal joints and flexed at the interphalangeal ‘joints. 
Flexion of the toes, and occasionally extensión, may be less complete 
than in the opposite and normal limb. 

When the site of injury is above or involves the branches of the 
posterior tibial nerve supplying the flexor longus hallucis and flexor 
longus digitorum muscles, flexion of the toes is either much diminished 
or is entirely absent. The ankle-jerk is also reduced or impossible to 
elicit. On faradic stimulation of the posterior tibial nerve on the inner 
side of the tendo Achillis, the response in the plantar muscles will 
' be greatly diminished or absent. Similarly, stimulation of the motor 
points of the affected muscles shows reduced or absent reaction to 
faradism, а response only to the higher condenser stops—No. 8 (0'5 
microfarad), to: No. 12 (4'0 microfarads) at 100 volts, Lewis Jones 
scale—or, in complete lesions, no reaction even with the highest 
capacity, No. 12 (4'0 microfarads). The galvanic reactions vary with 
the degree of the interruption of the nerve functions. 

When sensory disturbances of long standing are the predominant 
feature, exploration of the nerve should be considered. If the nerve 
shows ‘complete interruption, the end-bulb of the upper segment should 
be removed or the fibrous cicatrix excised and end-to-end suture 
performed. In incomplete lesions exhibiting neuralgic symptoms the 
freeing of an adherent nerve will usually result in considerable relief. 
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Tabes: Its Early Recognition and Treatment. 
By E. FARQUHAR Bozzarp, M.D., Е.К.С.Р. 


Dn. BUZZARD first narrated the history of two patients suffering 
from tabes dorsalis. He then continued as follows :— 


TABETIC PAINS. 


In order to justify a diagnosis of tabes in the absence of physical 
signs it is necessary to state one or two facts about which there can be 
little disagreement. In the first place, the disease is one which attacks 
the afferent paths of the nervous system, and it іє only reasonable to — 
suppose that its earlier manifestations are of a subjective character— 
in other words, that complaints indicating a disorder of function pre- 
cede those which are clearly due to structural defects. In the second 
place, it will be agreed that in a large proportion of cases of unmistak- 
able tabes careful inquiry will elicit a history, often going back five, ten, 
or more years, of pains which have been regarded as neuritic or 
rheumatic in origin, and have not been associated with any other 
disability. Not once but а score of times have I asked a tabetic patient 
whether he has suffered from pains. After repeated denials I have 
altered the wording of my question and inquired for rheumatism. 
“ Oh, yes, I have suffered from rheumatism for years." “ What do you 
mean by rheumatism?” “ Why, sharp, shooting pains in my limbs." 
This conversation shows how little the patient has associated his pain’ 
with the disability for which he is seeking advice, and incidentally how 
few patients understand the language they speak. 
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. Granted that pains can be, and often are, the earliest signs of tabes, 
can they be distingwished from pains of other origin ? I would answer 
this question in thfÉ affirmative and even go,so far as to say that the 
pains of tabes described by a patient who is able to translate his feelings 
into intelligible language are quite pathognomonic. The fact that they 
are called lightning pains and that patients often say that they shoot 
up and down their legs has been responsible for a very general mis- 
understanding of their true character. When the patient states that 
they shoot up and down the limb he does not mean that each pain 
shoots from the hip to the foot and vice versa. He means that during 
an attack he may have pains first in the thigh and a few minutes later 
in the foot. If he is asked to describe them in greater detail he will 
inform you by gesture and by word that these pains have an axis, so to 
speak, at right angles to the surface of the limb. They stab like a 
knife or a darning-needle going in, or they resemble the effect produced 
by taking up the flesh, pulling at it, and letting it go again. Further, 
the pains come not singly, but if not in battalions аё any rate in 
platoons. They are rapidly repeated, several occurring in the course 
of a second or two, followed by a lull of longer or shorter duration. 
Bouts of paroxysms may last for a few hours to a few days and then 
cease for a time. Favourite sites for these pains are the heel, the 
inner aspect of the shin, and the inner aspect of the knee. The area 
within which they repeat themselves is small, described by the patient 
as the size of a crown-piece, or no bigger than the palm of the hand. 
Between the frequent paroxysms these areas are often tender to light 
touch, so that the patient does not even like the contact of his clothes. 
Many patients gre quite certain that pains may be provoked by а cold 
draught, by а change of weather, or even by в glass or two of beer. 
Others are equally sure that the responsibility lies with fatigue or 
anxiety. In the early stages of the disease pain rarely occurs during 
active exercise, but later on walking may be brought to в full stop by 
a sudden and overpowering paroxysm. , 

Before leaving the subject of pains let me make it quite clear that 
those I have described are not the only ones suffered by tabetic patients. 
There are deep, guawing, aching pains in the bones, and others which 
have not the same diagnostic value. Let me also emphasize the fact 
that tabetic lightning pains must be recognized by their characters and 
not by their severity. Many patients confess to what they call 
“niggling pains," trivial in respect to suffering, but identical in nature 
with the lightning type. 
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It would be surprising if there were not other subjective phenoména. 
in early tabes, and attention may be drawn to the hot uncommon com- 


, plaint that -hot or cold water has become disagreeable or. unbearable, 


that the patient is obliged to have his: bath at & temperature which is 
described as tepid. Not that the hqt or cold water provokes’ pains, but 
that it gives rise to a sense of great discomfort. This often applies to 
the whole surface of the body, although pains may be absent or confined 
to the lower. limbs. Similarly it is not uncommon to hear that the 
fingers are numb when it is quite impossible io determine any dis- 
order of sensibility by tests. This, of course, is not pathognomonic 
of tabes. ‘ 
"TuRATMBNT. 


The OT for advising antisyphilitic treatment of tabetic patients 
is not now so urgent as it was a few years ago, but it may be doubted 
whether the principles of this treatment are yet sufficiently recognized. 
We are all asked: “ How long must I go on with treatment before I am 
cured?" For many years my answer has invariably been, “ For the 
rest of your life." Iam never consulted about a primary chàncre, but 


. if I were my advice would be the same. It cannot be denied that we 


are not and never have been in & position to tell a patient that he has 
been cured of syphilis, and, as neurologists, we are now constantly 
seeing tabetic patients who have been cured of syphilis by the arsenical 
compounds, just as fifteen years ago we saw those who had been cured 
by mercury. I maintain that the only honest advice we, as medical 
men, can ‘give to patients suffering from any syphilitic disease is to the 
effect that they should continue to have periodic courses of treatment 
for the rest of their lives. Tell them that prevention is better than 
cure, and that they must regard this precaution as a method of in- 
surance. In my experience so many victims of tabes and other 


` syphilitic nervous diseases have allowed valuable time to slip by owing 


to negative Wassermann reactions that my confidence in this test as‘a 


method ros regulating ‘treatment is shattered. 


бердй, 


Is there any lesson to be learned from the story of the two patients 
which I have presented to you? The first man was infected with 
syphilis fifteen years ago, and has undoubtedly suffered from tabes for 
twelve years, during eight of which he has been under treatment. 
To-day he would be passed as a first-class life by any medical officer of . 
an insurance office who did not know his history. It would be unwise 
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‘and unjustifiable to say that he is cured, but it is difficult to believe 
that the natural profress of his disease has not been arrested. And ıt 
must be remembered that he wasted four years before his symptoms 
were recognized and treated. The second patient was more fortunate. 
Only six months were wasted, and the result of treatment was rapid 
and lasting, judged by the fact that he has now enjoyed six years of 
freedom from any kind of symptom. - These are not the only cases of 
the kind which have come under my observation, but I regret to say 
that it is a rare experience to be asked to see a patient suffering from 
tabes whose symptoms have not been of long-standing. 

It is obvious that the value of these observations depends on the 
reliance which can be placed on the description of pains given by 
patients, and on the criterion the description affords for purposes of 
diagnosis. In many cases the description is vivid and easily recognized. 
In others it can only be elicited by patient cross-examination, avoiding 
the employment of leading questions. After many years of critical 
study of this problem I am convinced that the lightning pains of tabes 
are, for practical purposes, pathognomonic, and that they can and 
should be recognized before they are many months old. Treatment 
initiated before physical signs are apparent is not only possible in many 
cases, but is likely to be attended by good results if persevered with to 
the end of the chapter. 


The Effects produced by obscuring the Vision of Pigeons 
previously deprived of the Otic Labyrinth. 


By Sypney Scorr, F.R.C.S. 


Two pigeons were shown, in whom successful operations had been 
performed, and Mr. Scott made the following remarks :— 

The research was originally “undertaken to ascertain whether 
pigeons whose labyrinths had been destroyed would in the course of 
time regain power of flight, which is temporarily lost by interfering 
with the labyrinthine functions. With permission of the Home Office 
the experiments were commenced in the autumn of 1919. Under 
géneral anesthesia absolute alcohol was injected into the labyrinth 
with a hypodermic needle, which was passed through the tympanic 
membrane and made to penetrate the base of the columella into the 
vestibule. This procedure was carried out with the aid of a small 
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aural speculum and bright head light, as employed in the operation of 
incising the tympanic membrane in cases of об в media in human 
beings, smaller instrumwents, of course, being required. In some 
pigeons only one labyrinth was destroyed, in others both were de- 
stroyed, either immediately or after an interval of some days. In the 
course of nine months or thereabouts, thirteen pigeons were operated 
upon. Several difficulties were encountered in the first series before it 
was found possible to keep the birds alive for sufficiently long periods 
to enable me to make observations on their powers of flight. One died 
from the anwsthetic alone. Another collapsed under chloroform, but ` 
recovered after inversion and artificial respiration. In another bird 
the base of the columella could not be felt and the operation failed on 
three separate occasions to produce any sign of labyrinth destruction, 
such as forced movements, with inco-ordination, and disturbance of 
gait, flight, ог assumption of abnormal posture. Another bird died 
instantly at the moment of injection; too deep penetration and exces- 
sive quantity of alcohol injected would account for this sudden effect on 
the brain. Among two survivors, it was evident that the alcohol had 
acted on one labyrinth only in each case, though both ears had been 
injected. In these two birds, on recovery from the anssthetic, the forced 
movements and altered behaviour was of such a character that it was 
evident that the right labyrinth was rendered functionless in. one bird, 
and the left labyrinth in the other. Of those which survived the actual 
operation, four died between the seventh and the eleventh days, apparently 
of faulty nutrition, though hand-fed after the operation. On this account 
it was decided to keep the birds for two months before operation to 
accustom them to be hand-fed daily during that interval, and afterwards 
as long as was found necessary. Eventually two successes were 
obtained, both birds surviving over nine months, during which time 
numerous observations were made on their behaviour and powers of 
flight, one with only one labyrinth‘ destroyed, and in the other with both 
labyrinths successfully destroyed. 

In order to preserve permanent records of the з апа 
behaviour of these birds about 1,400 feet of cinematograph film pictures 
were obtained at various intervals. These films were demonstrated. 


. 
BEHAVIOUR OF PIGEONS BOTH LABYRINTHS OF WHICH WERE DESTROYED. . 


July 17, 1920.—10.8 a.m.:.Chloroformed. 10.10 a.m.: Absolute 
alcohol injected into left labyrinth. 10.12 a.m.: Absolute alcohol 
injected into the right labyrinth. 10.20 a.m.: Recovering from anss- 
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thetic; tendency to hold head back, and when standing to fall directly 
backwards; irregulaf head nystagmus; no ocular nystagmus observable. 

July 21, 1920.—Quite active. Tries to peck grain-food, but tends 
to pitch forwards when beak touches floor level. Appears to be trying 
to avoid pecking too far forwards. „Misses grain by about a centimetre, 
eight to ten times, before picking up. Stands with wide base, but not 
asymmetrically. Within two months this bird walked about and could 
fly up to perch 2 ft. high. Marked tendency to overbalance backwards, 
always holding beak high in the air. When removed from cage 
flew straight in а room, but misjudged when landing, and pitched 
forwards on to beak. Wing movements symmetrical; the bird did 
not fly round in а circle, or appear eager to fly at all when released 
occasionally. 


EFFECT OF COVERING ONE OR BOTH EYES OF THE SAME BIRD 
WITH A Hoop. 


When both eyes are covered with a hood, the bird remains motion- 
less in whatever position it is placed. If standing, when eyes are 
covered the beak goes forwards, rests on the floor, or the bird over- 
balances backwards, turning a somersault till the head rests with neck 
flexed beneath its back on the floor. If the eyes be covered and the 
bird be laid out like a dead bird, it will remain motionless except for 
respiratory movement an indefinite time. It was found to behave in 
the same manner when in a dark room, the observer judging the bird’s 
posture by feeling with the hand. When in the light—only one eye 
was covered—the bird walked around slowly in a circle, the centre of 
which was towards the open eye. А 

About six months after the injection this bird. could fly from the 
floor up to a window, and though it never landed easily like a normal 
bird, it learnt how to prevent itself pitching forwards violently on to 
its head. It never learnt to peck accurately at grain, and though it 
attempted to feed itself early, and hand feeding became unnecessary in 
& few weeks, still it was found advisable to supply it with a cup of 
grain instead of with grain scattered on the floor. It evidently 
experienced difficulty in selecting its food. 

„ Incidentally the bird appeared to be deaf, that is to say, it never 
showed the movements associated with startling noises, such as 
explosion of old electric light bulbs, as its normal or unilaterally defunct 
companions did. Moreover the movements of the head were more 
rapid and constant as if the bird were dependent solely upon vision, 
which it probably was. When hopping from ground to perch the 
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balancing on the perch was at first accompanied by swaying movements 
in an antero-posterior plane, the bird sometimes falling backwards 
‚ (never forwards) off the perch. 


roe Due cones OF THE LABYRINTH. 


In marked contrast with normal birds and the birds with both 
labyrinths destroyed, the behaviour of those with only one labyrinth 
destroyed is markedly different and quite characteristic. 

The following is an example: A blue cheqüer pigeon was injected 
in July, 1920, and survives in May, 1921. 

July 17, 1920.—11.16 a.m.: Chloroformed. 11.20: Absolute 
alcohol injected into left labyrinth. 11.30: Recovering from anesthetic 
and runs or flutters circus-wise to the left. 

July 28, 1990.— Stands erect until disturbed; when E are 
made to handle the bird in its cage, it tries to evade the hand and 
flutters round to the left and drops the left side of the head to such 
an extent that the head is axially rotated until the lower beak becomes 
uppermost, and the bird holds its head with the vertex resting on the 
floor of the cage. To & less extent it is obvious that the left side of 
the body is also lower than the right. The bird remains still in this 
position, looking with its right eye at an observer who is standing on 
the bird’s left side. ‘In a minute or so the bird suddenly resumes 
its normal posture and stands erect. When removed from the cage 
the bird may walk straight a little way, but if pursued it spréads its 
wings and flutters to the left, eventually reaching some corner which 
arrests progress and there re-assumes the position of axial rotation 
of the head as described above. If the bird be held in the hand off 
the ground and coaxed to fly, it invariably goes in a circle, alighting 
on the ground, and shows no desire to resume flight. The bird never 
flies or hops up to its perch like the bird with both labyrinths destroyed. 
It sleeps on the floor of the cage. 

One bird whose labyrinth had been destroyed on one side attempted 
' to fly when released on the roof of a building, but on reaching the 
parapet its flight movements were definitely circus-wise, and it lost 
height, resembling the “spinning nose dive” of an aeroplane, landing 
in a heap on the ground 72 feet below. The bird appeared to be 
dazed but was not apparently injured, and lived for some few weeks 
afterwards. However, it was decided not to allow others to escape 
and possibly injure themselves in this way. 
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_ THE EFFECT OF OBSCURING THE VISION IN PIGEONS DEVOID OF 


i ONE LABYRINTH. 


When a hood is placed on the head and bdth eyes are covered, the 
bird keeps still, with the head axially rotated to an extreme degree as 
previously described. When only the left eyeball is uncovered (assum- 
ing the left labyrinth is destroyed) the bird tends to hold the head in 
the normal erect position and walks slowly in a circle towards the 
left. When only the right eye is uncovered (the left labyrinth 
having been destroyed) the bird reassumes the axial rotation of the 
head with the left side downwards and the underbeak uppermost, 
while if excitedly executes rotatory movements to the left. Normal , 
pigeons when hooded will walk about to right or to left or forwards, 
or stand on в perch, or sit at roost, but will not remain passive or 
overbalance themselves like hooded birds which have been deprived of 
one or both labyrinths. 
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CLINICAL MEETING HELD AT THE NATIONAL HOSPITAL 
FOR THE PARALYSED AND EPILEPTIC, QUEEN SQUARE, 
FEBRUARY 10, 1921. 





President—Dr. ERNEST REYNOLDS. 





(1) A Case for Diagnosis; possibly Tabes Dorsalis. 
By Dr. Тоотн. 


M. D., female, aged 35. 

Family history nel ad vem. 

Ten years ago transient attacks of loss of vision, which recurred several 
times during the next four years ; none since then. 

Five or six years ago began to have trouble in walking, tendency to walk 
quickly and fall forwards; in hospital in 1917 for ten weeks; improved for 
about twelve months, then trouble began to recur and has gradually got worse 
since. 

Twelve months, some hesitancy in micturition. 

Six months, girdle pain on the right side. 

eTwelve months ago legs gave way and she had complete right hemi- 
angesthesia and hemianalgesia for a fortnight. 

At Christmas, 1920, had anwsthesia and analgesia left lower limb, lasting 
six weeks. 

Present siate.— Optio dises physiologically pale; pupils react to Пећ 
sluggishly ; nystagmus in horizontal direction on extreme lateral movement, 
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especially to the right and in vertical direction on extreme upward movement. 
Sensibility to pin-pricks slightly diminished over right &alf of body and slightly 
less keen than normal all oer. Deep musole-pain sensein legs absent. Touch: 
“localization of touch, passive movement, stereognosis good. Power slightly 
diminished in legs, and legs hypottnic. Co-ordination fairly good, slight tremor 
in hands on finger-nose test. Arm ferkg, knee and ankle jerks absent; right 
abdominals present, left absent ; right plantar slight flexor, left extensor. Gait 
unsteady. Rombergism a Wassermann in blood and cerebrospinal 
fluid negative. 


(2) A Case of Acute Myelitis ai about Seventh. Dorsal Segment, ith Ae 
Neurites. 


For Dr. TAYLOR, by Dr. SHEPHERD. 


G. B., female, aged 28. Woke up on July 15, 1920, with pain over the left 
eye ; the sight went in that eye by the hext morning and she had pains in the 
legs and back during the night. She was feverish and had headache’ the next 
day and the right eye became similarly affected, so that by the next day she 
was absolutely blind and was completely paralysed in both legs with analgesia 
and anesthesia up to the waist, and retention of urine and feces. 

Legs were quite spastic for ten days and then the spasticity gradually went: 
off and the legs became quite flaccid. Eyesight gradually improved, so that she 
can see quite well now. From October, 1920, incontinence of urine. 

. Physical exanwnation.—Optic discs pale, especially the left, showing evidence 
' of old optie:neuritis. Complete paralysis of legs below waist (very slight flicker 
in toes only), Complete loss of sensation to cotton wool, pin-prick, tempera- 
ture, from below the waist; the loss to pin-prick extends an inch higher than 
the loss to cotton wool, and in the area between these two upper levels hot 
, and cold is wrongly appreciated. Arm jerks normal, „ knee and ankle jerks, | 
abdominals and plantars absent. | 

Cerebrospinal fluid : albumin 0'6 per cent., N.A. rr positive, no cells 

seen, Wassermann negative. Wassermann in blood negative. 


(3) Case of Intracramal Pressure (?) Tumour; Recovery without Operation. 
For Dr. TAYLOR, by Dr. SHEPHERD. 


E: F., ETA каб 28. At the age of 16 suffered with headache and loss 
of power in the hands and legs, especially the right side. Headaches became 
very sevore and continuous and were accompanied by vomiting. She was 
admitted to the hospital in October, 1904. She had then marked papillcedema, 
but the headache and vomiting subsided soon after admission and the poyer 
gradually returned to the limbs. 

About three months after admission she was able ta be up and walking, but 

` the arms and legs got weak again: she was very unsteady and had to go back 
to bed, so that she was still very weak about August; 1905. She gradually 
improved again and was able to be. about in six months. Е 
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From that time until eighteen months ago she had been fairly well, with the 
exception of some e n апа weakness in the legs, especially in the 
rh 

· During the last eighteen moni the right leg has become weaker. 

No visual or sphincter troubles; only a very occasional headache; some 
tingling in the hands and feet during the last few months. 

Optio discs normal; (?) slight nystagmoid jerking on looking to the right; 
otherwise cranial nerves normal. Movements of right leg much diminished 
with slight talipes equinus on right side. Abdominal reflexes active and equal, 
knee jerks and ankle jerks active and equal; clonus, right plantar inactive, left 
flexor.. Walks dragging might leg. . 


(4) Case of Friedreich's Ataxia. 
For Dr. TAYLOR, by Dr. SHEPHERD. 


F. L., male, aged 19. 

No family history. Patient has one sister and one half-brother. 

Patient began to be unsteady in walking at age of 7 years; says he always 
fell upon his nose; this gradually became worse, legs weak and muscles gradually 
wasted, ‘во that by age of 14 he was confined to a chair. 

No change during the next three years, but has been feeling stronger during 
last two years. Deformity of the spine, said to have developed during last 
three years. Pes cavus present since childhood. No alteration noticed in 
speech. 

, Patient is rather facile boy of 19, not keen —À bodily nutrition bad, 
arms wasted. Nystagmus present, especially to right. Also slight shaking of 
head; speech glow and of scanning variety; motor power diminished in lower 
extremities and in trunk, with: wasting in legs; no spasticity. Slight pes cavus, 
slight intention tremor. Deep reflexes:absent; plantars extensor. Slight 
kyphoscoliosis. Wassermann negative in blood and cerebrospinal fluid. 


(B) A Case of Lethargic Encephalitis. 
By Dr. JAMES COLLIER. 


Mary 1 B. aged 20, was seized with intermittent frontal headache on 
December 26, 1920. Оп the following day her eyes became crossed, and she 
saw double and became very sleepy.and ceased to talk or to move spon- 
taneously. She had considerable trouble with retention of urine. She was 
not laid up, and attended her doctor regularly. She has remained in this 
condition since, and during this time her memory has been good; she has 
obeyed orders promptly and replied to all questions promptly and correctly. 
Her facial and bodily expression is one of complete statuesque immobility, in 
lying, sitting, or standing. She will remain in any awkward attitude in which 
she is placed for long periods. She never moves spontaneously except in 
response to the more urgent calls of nature. She does not turn over in bed. 
She presents no emotional expression, positive or negative. She never speaks 
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spontaneously. She obeys every word of command: at once and correctly. 
She answers evety question at once and correctly, Aa (gives & correct and 
detailed account of her illness if if she is catechized. In response to the usual | 
“salutation she answers always: “I feel quite well, thank you.’ 

There is severe.bilateral ptos which is diminishing: Complete internal . 
ophthalmoplegia with large pupils. The axes diverge in vertical parallelism. 
Downward movement absent. Upward movement almost absent ‘with 
quivering. Lateral movements of about two millimetres with quivering. 
Vision very poor, but no ehange':in media or fundus. 

No other brain-stem paralysis. | 

On admission to St. George's Hospital, January 12, 1921, the left abdominal ' 
reflex was diminished and the left plantar was extensor. Now the abdominal 
reflexes are equal and the plantars are flexor. Some fibrillation was noticed 
in the right ‘anterior tibial and peroneal muscles. 

Under observation she has developed dropped toes and dipped in- Жашай 
foot on the right side with severe weakness of the external sciatic group of 
museles, with inoreased tendon jerks. ; 

The points of interest are the peculiar clear but immobile mental state and 
the condition of the right foot. - 

(6) Case of Amwyotoma Congenita. 
Shown by Dr. COLLIER. | Р 


V. C., female, aged 44. 

Child born normally. -Diculiy i in sitting up; has never walked, and 
only began to crawl ten months &go.': Pain in foot on being stood up. Other- 
wise no complaint; no fits nor injuries. Bright child, teeth and talking at 
normal age. Ten months ago had headache, vomiting ard screaming for three 
days; otherwise no illnesses. Clean in habits. Father died of consumption. 
Three siblings dead—one of meningitis, at 5 years; two at 4 and 3 months, ' 
having been sickly from birth: one alive, aged 18, and healthy. 

Child of poor development, good intelligence, and unasually good- tempered 
and uncomplaining. , Stands with support, hips and knees being flexed from 
contractures of muscles, and feet slightly plantar-flexed. Muscles of lower 
limbs only of poor tone and somewhat wasted, but moderate power. Bears : 
stretching of contracted muscles well, and has improved considerably since 
admission. Knee and ankle-jerks . present. Abdominal refiexes present. 

' Plantars flexor. : 


(T) Case of Graves’ Disease; (f) Paralysis Agitans. 
Ы Shown by Dr. COLLIER. i . 
M. B., female, aged 26. * 
Lump on throat noticed eight years ago; has got smaller, if anything, ' 
during past six months. Palpitations -and.shaking for six months. Persgpiring 
for two months. Menses regular—scanty. No exophthalmos. 


1 


. 
CLINICAL MBETING І 79 
; : ‘ 

Fine tremor of hands. Coarse rhythmical tremor of feet, stopping for a 
time by voluntary effgrt and then beginning with renewed force; lateral as 
well as up and down [aso Sometimes general tremor of body; some 
of tongue. i . ш 

Attitude and mask-like face resembling paralysis agitans. Reflexes normal. 


(8) Case of Encephalitis Lethargica. 
| By Dr. BUZZARD. 

B. D., aged 43. . 

Family ustory.—EFather died of carcinoma of liver; brother has neuritis 
in his arms. Previous history: good, but patient “ nervous.” 

September, Ts Pain in both legs, whioh makes walking difficult, but soon 
improved. 

November, 1990: Pain in right knee and weakness of right ankle ; no 
numbness, bat foot gets cold: No complaint of arms. Right foot " dropped” 
` three weeks. 

January 5, 1920.— Examination: Fibrillation of deltoids, pectorals, and 
triceps; more'on left side. Weakness of sterno-mastoids and of above muscles. 
Slight weakness of extensors of wrists. Fibrillation of right quadriceps and 
wasting ofall muscles of right leg: foot dropped. Some weakness of left leg; 
 muoh weakness of right, especially of extension of foot and toes. No inco- 
ordination. 

- Sensation: Pain in righé calf; deep pressure of muscles of legs painful; 
. some loss of pin-pricks and heat and cold inner side right leg. 

Reflexes: Arm and knee jerks increased, right ankle jerk absent, left 

present, no clonus. Abdominals brisk. Planta : right flexor, left extensor. 


. (9) A Case of Echinococcal Cyst of Left Parietal Region. 
By Mx. SARGENT. 
‚ М. Е., адай 16. ' 

April, 1920 : Weakness of right hand, progressing to whole arm. 

July, 1920 : Peculiar feeling i in п arm and face, starting in fingers and 
followed by vomiting. 

September, 1920: Similar attack. 

October, 2920: Right foot caught in walking. 

December, 1920: Optic neuritis noted. 

- December 25, 1920: Pain in left frontal region; noises in ears; drowsy ; 

vomiting; some defect of speech. 

January 2: Slight hesitancy of micturition. 

On admission into hospital, January 4, vision 2, papilledema, В. + 6D., 
L. + бр. Right lower face weak, right hemiparesis arm and leg, slight loss 
of Sense of position, localization of touch, and recognition of objects on right 
limbs. Pin, cotton wool, and vibration less distinct on right. Reflexes: 
deep, increased on right, abdominals less active on right; plantars, right 
extensor, left Jexor. 
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January 14, PT large cyst на reading. surface just behind 
left fissure of Rolando, contained 60 с.е. of fluid, ons ds rabout 6 em. Patho- 
Jlogist’ 8 report: echinoeocce] cyst; fluid, albumin 0'015 pbi cent., sugar a trace; 
“chlorides 0°57 pér cent., sp. grav. 1'006. 


After operation a few fits with*twitching of right face, tasting movements 
of lips. Rapid general improvement. *Subsidence of. papilleedema. 


П 


(10) Сазе of Spinal Tumour removed by Operation. 
x By Mr. SARGENT. 
A. W., aged 42. 

June, 1918: Pain left side round iliac-crest. 

June, 1920: Operation on left kidney, pain slightly improved, but soon 
recurred. 

Three weeks later numbness of both m left.foot dropped, pain T 
left foot; soon right, also weak' and painful. Slight hesitancy of micturition, 

Examination: Spine not tender, but sitting up painful. Spasticity of both 
legs ;,some wasting; fibrillation of hamstrings and calf muscles. Spastic and , 
unsteady gait, Reflexes: knee jerk very brisk: ankle jerk present. Plantars: 
double extensor. Abdominals absent below umbilicus. Sensation: pin-prick 
lost; L. 2 — 8.9 R.; D. 9 — 8.2 L.; sense of passive movement in toes lost. 
Cerebro-spinal fluid: yellowish fluid coagulating solid in tube; cells absent; 
albumin 3°70 per cent.; Wassermann reaction negative. 

Operation, November 11, 1920: Tumour seen aud felt through dura 
opposite cut arches of D. 11 and theca opened without wounding arachnoid ; 
tumour sub-arachnoid, soft and encapsuled on posterior and left lateral aspect 
of cord; removed and theca sutured. 

Pathologist’s report: Myxomatous tumour -with' clumps” of endothelial 
cells, - B 


. (11) Case of Optic Atrophy from Neuritis and Gastric Attacks. 
By Dr. WILSON. 

W. C., aged 56. 

Family history : Father died of cancer, 

Past history : Syphilis at 24. 

1898: Sight impaired, treated at Moorfields in 1901 with mercury. > 

1902: Pain instomach two hours after food, relieved by vomiting, improved 
since 1915 until recently. No unsteadiness of walking and no sphincter 
disturbance. 

Present state: Visual acuity: right, ту; left, yọ; on looking to sighs of 
fixation point, at that point vision almost nil. 

Fields: Loss of upper half and general constriction, with central scotoma. 

Fundi: Old atrophy. Argyll Robertson pupils. No ataxy. Deep pres- 
sure of calves very painful. Deep reflexes absent. , X-ray suggests cicatrix 
from old ulcer or growth of stomach with delay in emptying of stomach: 
"Wassermann reaction: negative in blood. Cerebrospinal fluid: no increase 
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of- cells, globulin in eBrebrospinal fluid. “Blood count: red cells 3,700,000; 
hb. 70 per cent.; white cells, 10,500., i - 


02 Case of Paalma Agitans M Malaria. 
- Bhown by Dr: Б. А. K. WrLsoN. 


H. C., male, aged 365. . 

‚ Malaria in England in 1918, blood tested at special' "malaria hospital 
(Gonnanght Hospital). A month later had " kicking" and twitching movements 
„of left.side, which improved after May, 1919. ` 
; In December, 1919, had weakness of left side апа some slight stiffness of 
both hands. Не began to stoop and to have difficulty in turning over in bed. 
By May; 1920, his right leg was also stiff. August, 1920: tremor, chiefly of 
right hand, slowness of 'speech and difficulty in opening mouth. 

i Examination: Slight weakness of left lower face. Spasm and rigidity of 

sterno-mastoids and trapezii. Tongue deviates to right.  Mask-like face. 
Rigidity of trunk and proximal limb muscles. Pill- rolling tremor of hands. 
Paralysis agitans attitude ànd gait, with festination and retropulsion. 


(18) A Case of Epilepsy anth Acromegaly and Unilateral Tremor. 
By Dr. J. TYLOR Fox. 


W. G. O.,’born November 27, 1895. Nothing neuropathic recorded in 
the family. This patient’s history and present condition may be classi 
fied: under three headings; his epilepsy, his unilateral tremor, and. Lh 
; dyspituitarism." 

. Epilepsy.—First& fit at fifteen months, second three or four years later; 
after that about every three months. Since admission to Lingfield Colony 
eight and в half years ago, he has had attacks of petit-mal every two or three 
months with epigastric aura, loss of consciousness without spasm lasting 
-two or three seconds in all, also three major fits in the last two years. 

Neurologscal signs.— Has had tremor of the left arm and leg “ as long as he 
can remembey:” The tremor is continuous, apparently unaffected by voluntary 
movement, coarse, averaging five or six a second, and most marked in, if not 
confined to, the muscles about the large proximal joints, i.e., the shoulder, hip, 

..knee and elbow. It ceases during sleep. 

The left upper arm is $ inch less in circumference than the right. The 
forearms, thighs and calves appear to be equal on the two sides. 

Reflexes, superficial and deep, give & normal response, though those on the 
oft side are rather slower than on the right. Dynamometer readings 110 each 
side. No vasomotor differences between left and right side. No interference 
wtth sensation. No tremors of face, -but coarse tremors of tongue. Optic 
dies, normal. Field of vision by rough perimetric tests, normal. 

General signs.—Curvature of spine said to have been first noticed at fifteen 
months and attributed to rickets. Teething is also said to have started at 
fifteen months, walking and talking at eighteen months. Skeletal changes most 
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marked i in skull and spinal column: бейш tilted кн on the facial 
portion of the skull. "Superior and ‘inferior шах, 1 go, especially inferior. 
Teeth pitted and grooved, and in upper jaw sep d from each other. 
"Nostrils, large and broad. Supra-orbital ridges, well developed. ' Eyelids, 
thick. Tongue, large. . Well-marked kyphosis with, scoliosis to the right in 
dorsal region. . Jordosis in the lumbar region.' The. skiagram taken at the, 
National Hospital, Queen Square, of the skull of this patient quite negative. 
The bones of the skull are: normal in appearance, the sella turcica is of about 
normal size, its outlines can be well seen; the posterior clinoid processes are 
quite distinct, and the cavity does not encroach оп any of the fossm in front 
of it at all. As:far as the skiagram goes, there is nothing abnormal to be 
„made out. Right. testis. undescended and removed some years ago., Left 
testis very small. Thyroid not palpable. “Нав nevet had a lieadacho i in his 
life." ‘Temperatura 97? to 98° Е. Systolic blood-pressure, 110: Urine, daily 
quantity 49 oz., no sugar, no albumin. No diminished sugar tolerance. 
Patient is of fair юа, ‘but his memory is peek: i ` 
(14). Case of Torsion Dystonia. 
By Dr. BLANDY (for. Dr. CoLLiER). 


H. R., agod 8, imala: d 

History. — Bix miontlis after an ‘attack of diphtheria (aged 5) involuntary 
tonico-clonic movements of an extensor type developed, with in addition per- 
verse voluntary movements of the hands. The condition has shown marked 
remissions, but with each exacerbation has. become more intense’ and more 
extensive. 

First noticed in the right’ arm, with " loss of use of the janan the move- ` 
ments gradually involvéd the neck, face, шга, then left arm, trunk, and finally, 
in the severest stage, the legs. 

'. February 1920, after béing knocked down by a ТАТУ аря was a history. 
suggestive of a tonio fit, followed by an exacerbation of extreme degree, asso- 
ciated: with difficulty їп eating, drinking and sleeping, and, in starting Пе; 
organic réflexes, owing to the excessive movements. 

He could only Spem on his face, head extended, right arm tucked i in Behind 
his back. . HN 

' Past history. — Nothing buooa till aged 5, since when has stopped ` ; 
growing, and has had an intermittent morbilliform rash. 

Family history.—Father has " bronchial asthma.” Sister had ohórea after 
rheumatic fever, maternal grandmothér, mother, aunt, two uncles, had enlarged ' 
thyroids (the aunt died of Graves’ disease). . 

Physical signs.—Small for age, intelligent ; normal cranial nerves, sensation, , 
reflexes. Wassermann reaction negative in serum and cerebrospinal fluid. * 

Motor system. —Hypertrophy of muscles most i in spasm. Hypotonia during 
relaxation—no tremor nor ataxia, good power. Voluntary fine movements of 

‚ hands awkward and slow. Hands in posture: of -flattened fists. Intermittent’ 
а а Р 4 Жы , 
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olonico-tonio, tic-like, bizarre, . ahaa movements, i.e., extension of head 
and shoulders, with pd таве of tongue, Фе. · Белин of right arm with 
‘over-pronation of wrist, &o. ` > Р ° 
The child is at present date in a remissiop. 


(16) Cholesteatoma in Ponto-cerebellar Angle. 
Shown by Dr. J. G. GREENFIELD. (Dr. RUSSELL.) 

Henry M., aged 27. 

History.— Staggering gait, six “months; léft- sided deafness and headache— 
one month. Handwriting shaky, and difficulty i in swallowing, a few weeks. 
' On examination: Papilledema right and left. Coarse nystagmus to left, 
fine to right. Progressive nerve deafness on left side. All deep reflexes over- 
active. Double ankle clonus.: Plantars upwards (Babinski) right and left. 

Post-mortem examination three months after admission: Large cholestea- 
toma of left ponto-cerebellar angle, passing over the side of the pons under the 
basilar artery. Highth nerve flattened, and internal auditory meatus ES 
and containing a prolongation of the tumour. 


(17). Colloid Ball-like Титоит. тъ Third Ventricle, а over ihe 
Infundibulum. 


Shown by Dr. J. G. GREENFIELD. (Dr. RUSSELL.) 


. John б. C., aged 86. ү 

History.—Hoeadaches, worse when tired, sixteen months; diplopia, two 
weeks before admission. No vomiting. 

On examination : \slight papilloedema right and left; diplopia on looking to 
extreme left, from paresis of left external rectus. Left facial paresis. 

Motor and sensory systems normal except for coarse tremor of outstretched 
hands. | , 
\ — Reflexes : all normal. 

' One week after admission һе had several "fita" in sibiah he rubbed the 
back of his head and was “queer” in his manner. Heremembered nothing of 
them afterwards. 

- Post-mortem examination two weeks after EET Ball-like encapsuled 
tumour in third ventricle causing hydrocephalus of both lateral ventricles. It 
is extremely ‘tough after hardening in formalin, and feels like a 'solid rubber 
ball. Microscopically it is composed of colloid with a fibrous tissue capsule. 
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The Analytical Mechanism of the Internal Ear. By Sir THomas 
Мвтантвох, Bt., D.L. 254 pages + ix. London: Macmillan, 
1918. Е : 

Under the above title Wrightson describes. the mechanism of the sense of 


hearing, from the reception of the sound waves by the drum, to their arrival 
ав auditory sensations at the brain. 


, The subject matter may be considered in the following separate sections ;— = 5 


(1) The physical properties of sound. 

(2) The ossicles and ear drum. 

(3) The cochlea and its contents. 

(4) The‘hypotheses of audition. 

(Б) Appendix by Keith on the anatomy of the ear. ' 


Section 1. — The first part of this section, which is introductory i in NM 


deala.with the physical properties of sound, the formation of beate, summation 


' and difference in tones and the like. The description is interesting, simply: 


‘put, and does not call for special comment. 
The chmograph, of which a full desctiption is given, does not appear to 
be novel except for a few mechanical details. The mathematical analysis of 


certain compounded sine curves which follows must now'^be considered. in : 


- detail, since it forms the basis of the hypothesis of audition which Wrightson 
states later in his book. The process of analysis which Wrightson described 


may be briefly stated as follows: Three curves are prepared, the sine curve of ` 


a note A, the.sine curve of another note C, and-the curve obtained. by summing 
both of them by the ohmograph. A pair of callipers is now taken, set to the 
wave length of the note A, and then tried on each ‘crest, trough and crossing, 
' point of the compound curve in turn; if the two feet of the callipers fit any of 
the distances on the compound curve, such distances are marked Al and А1. 

The next ‘pair of points found to correspond to the distance between the feet 
of the саШрегв is marked A2 and А? and this process is repeated until one 


complete cycle has been examined. In one case three such distances were ' 


found, апа in another four. If now the whole process be repeated with fhe 
wave length of the note, C, then again a number of distances between crests, 

troughs and crossing points in the compound curve- are found, which correspond 
` with the wave length of the note О. In one case five such crossing points 


were found and in another three. If finally the above process be repeated | 
with a curve compounded of three or four different wave length sine curves, | 


t , 
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then as before a number of ‘distances are found on the compound curve, which 
are equal tó those on gach of the constituent curves. 

Wrightson now » М on to show that if the w ve length of the summation 
and difference tones.be taken, then as before distances equal to these are 
found on the compounded curve. Wrightsn draws the conclusion, therefore, 
that when -two or more musical notes are sounded together, the compound 
curve contains a number of “impulse points,” the time intervals between 
certain of which represent those occurring in both the constituent musical 
notes and also in their summation and different tones. Wrightson points out 
later that it is the recognition of these time intervals by the brain which 
enables us to recognize these different constituent tones. ^ 

Wrightson now goes.on to state (p. 80) that no mathematical exactness 
is postulated between the time periods in the compound sound waves and 
those of its constituents, yet they may be sufficiently accurate for the theory, 
" ag the ваг, in judging of musical intervals, does not depend upon absolute 
accuracy of vibration ratio, в fact well known to practical musicians.” This 
want of exactness is readily detected in the diagrams ‘which Wrightson gives ; 
thus, taking the first (fig. 3) asan example, it will be found that the distance 
Ag-Ag is smaller than the wave length of A, while As-As is larger. 

Boring and Titchener’ have pointed out that taking the above analysis at 
` its fice value the following criticisms can be advanced against it. (a) The 
summation and difference tones are both an octave too low. (b) Besides the 
pure tone the ear should also hear according to Wrightson the octave below 
‚ 16; this the ear certainly does not do. (c) It should also hear the octave above 
it, and this again is not the case. The reader will conclude from this that 
even if the fact-is ignored that the mathematical analysis is not exact, it still 
further prejudices itself by leading to false deductions. The proof must now 
be given that it is the analysis itself which is at fault; supposing that the 
compound curve in fig: 8 be again turned to and that the callipers be set not 
to the wave length of either A or O, but to a purely arbitrary distance some- 
where between these two values. Then if this distance be laid off as described 
above, it will probably be found that it is several times repeated in one cycle. 
I performed the process for twenty arbitrary distances and found each of these 
‚ distances represented some three or four times in the compounded curve. This 
at first sight astonishing result was partly explained by finding that the 
total number of distances in one cycle varying between 1'5 mm. and 44 mm. 
in length ‘was approximately 400. Assuming that all distances are equally 
' represented, each distance would vary from the next by approximately 01 mm. 
If we-assume an inaccuracy of setting of sáy 0°1 mm. then any arbitrary 
distance between 1'5 mm. and 44 mm. will be represented on the average 
three tirnes (one exact fit, one 0'1 mm. too large, and 0`1 mm. to small), 

* We thus see the explanation of Boring and Titchener's remarks. “It is 
strange” they say, "that the theory, if we take the diagrams at their face 
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. e 
86 NOTICES OF REOENT PUBLICATIONS 

` e 
value, should thus insist on proving itself. Moreover, there is : 
concerting about a theory that will come right оп’ айу assur 
mathematical: foundation that Wrightson had laid for his th 
"fails since the brain cannot be expected to pick out certain 
and construe them as musical hotes when apparently all 
between certain limits are equally represented, 

Section 2 contains a well illustrated description of the 
suspensions and musculature and the way-in which they functio 
now attempts to calculate on " statio ” principles the total incre. 
pressure due to the lengths of the ossicular levers and the area 
and the piston of tbe stapes. It is clear to the reader, how 
calculation should be a “ dynamic” one, since the levers when 1 
in rapid motion. For not only must work be performed in setti 
the ossicles in vibration, but'also in overcoming friction at the 
them, and the damping action of the air surrounding them. 

; Section 3 contains a description of the cochlea and of 
Corti. The, anatomy and histology of the parts concerned is 
and easily understood. When, however, Wrightson commen 
the calibration of the cochlea the argument becomes very diffi 
for the ideas are confused (power, work, force, &c., being used 
as Boring and Titchener have pointed out). Further, Wright: 
clusions appear to be in actual error, for he claims that where 
transmitting sound waves the air particles come to rest twi 
wave (at each crest and at each trough), the fluid of the cochle: 
hand, comes to rest four times, not only at each crest and each ё 
each time the air particles pass through the mid position of th 
i.e., each time the sine wave, representing the motion, crosses : 
conclusion, as Boring ‘and Titchener point out, is at variance 
law of motion, that action and reaction are equal and opposit 
this error of Wrightson, the remarks of Keith in reference 
become almost pathetic : "I had," Keith writes, “foolishly rega 
‘and troughs of sound tracings . . . as the points at whicl 
produced, for at those points the ciliary movements appeared 1 
But I could not see how stimuli could be produced at the с 
until 16 was made clear to me by Sir Thomas Wrightson tbt 
points in the tracing of a sound wave are points at which the 
great changes in pressure and movement.” Yet Keith’s origina 
correct one, and the view that Wrightson substituted was the in 

Section 4 contains Wrightson’s hypothesis of audition, x 
stated as two separate propositions as follows :— 

(a) That when sound waves enter the ear, the whole 
membrane is set into motion, and the different parts of the m 
synchronously, rising and falling together by the same amount (у 
movements of the basilar membrane cause to-and-fro movemen 
cells, relative to the membrane tectoria above them, and these : 
in direction of the movement cause impulses to pass up the aud 
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(b) That the impülses passing up the auditory nerve occur four times 
during each complete fair vibration, ie., af each crest, trough and crossing 
point; and further that the time intervals betweensthese impulse points are in, 
certain cases approximately the same as those which occur in the individual 
tones which together are causing the air to vibrate. It is the recognition 
by the brain of these time intervals ‘which causes the appreciation of the 
individual tones in a musical chord, the appreciation of overtones, harmonies 
and summation and different tones being similarly recognized. 

About this second half of his theory (b) it may be said that it is this part 
which individualizes Wrightson hypothesis from other displacement hypo- 
theses which have preceded it, e.g., from Rutherford’s telephone hypothesis ; 
but it is also this part which must be abandoned, since, as I have shown above, 
its supposed basis does not actually exist. The remaining features of the 
hypotheses are so like those of Rutherford’s that the two must stand or fall 
together. Both hypotheses hold that the impulses travelling up the auditory 
nerve correspond in a definite manner in their time relationships and inten- 
sities to the air waves which set them up; both believe that the basilar 
membrane lacks any power of analysis; both relegate the ultimate analysis to 
the brain. The criticisms advanced against Rutherford’s theory in the past 
therefore apply with equal force to Wrightson’s, namely, that the initiation of 
nervous impulses at a rate which may reach 40,000 per second and their con- 
duction up the whole length of the auditory nerve and ‘through two different 
sets of synapses, and their final enumeration by the brain, are all processes 
which tax the credulity of the physiologist to the utmost. The classic experi- 
ments by which Rutherford sought to give his hypothesis something more than 
an imaginary basis are too well known to require description here; the grafting 
on to that basis of an additional hypothesis, as Wrightson has done, without 
at the same time any experimental extension, would seem to be a mistake. 

Sectton 5 consists of Keith's appendix on the histology and morpho- 
anatomy of the organ of hearing, and comprises nearly half the book. For 
this essay I have nothing but admiration; it is absorbingly interesting, well 
written and full of that subtle. knowledge that we should expect from the pen 
of a great anatomist. Whereas Wrightson disappointingly fails us at just 
those points where we should have expected an engineer to have made the 
surest guide, Keith serves us admirably not only. when dealing with his own 
subject, but also when he digresses to physics and mathematics. If one has 
any single feeling which one would wish was not there, it is the regret that 
Keith bad heard of Wrightson’s hypotheses. Excellent as Keith’s essay is, 
might it not have been better still with possibly not only Wrightson’s hypo- 
thesis but also all others left out, a simple description of the parts of the inner 
eap without any idea in the background of hypotheses? Having considered 
above the different sections in turn, it remains to appraise the book as a 
whole. It is a book which in my opinion all interested in hearing should 
read; it contains one of the best descriptions of the comparative anatomy of 
the cochlea that I know, it contains many facts about-the organ of Corti 
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E are not to be found: elsewhere. We have Keith pos to thank for 
although it has been, 


many of them. To Wrightson I would wish to say th 
- my lot to criticize his hypdthesis, yet I would like to express my admiration 
for the facts that he has brought,to light about the organ of hearing and the 
clever way in which he has described them in his book. 
: Н. HARTRIDGE. 


The Psychology of Sound. By Henry J. Wart, M.A., PhiD., D.Phil., 


. Lecturer on Psychology in the University of Glasgow. Рр. vii + 
241. Cambridge: University Press, 1917. 


This book is not very well named. : It would be better. described as: A 
theory about the nature of psychology illustrated by speculation concerning 
‘the character of auditory experience. Watt's first conviction is that psycho- 
logy must occupy & position wholly independent of physics or physiology. 
His second is that all forms whatever of sensory experience must conform to 
a single scheme, and must illustrate the same structural principles. His third 
is that occupying an exceedingly important position among the attributes of 
sensory experience are what he calls ' “order,” and sometaing else of the nature 
of ‘what other writers have called " extensity." It is on these assumptions, 
_which ' are perfectly general, and are obtained by theorizing, rather than by 


experiment, that his account of audition is based. So, in the last chapter, we ` 


find him saying with the.greatest honesty: " The theory expounded in this 
book has been devised by the writer not in the interest of & study of hearing 
as such, but for the sake of the’ more inclusive study of the whole range of 
sensory experience. This work on hearing is thus only an episode ір а larger 
effort. It is my firm belief that all our sensory experiences can be completely 
accounted for in general systematic terms without our having recourse to the 
discoveries of physics or physiology at all.” And what is written in words 
here is written in the spirit throughout the whole book. 

An adequate review of Watt’s volume ought therefore to begin by a 
thorough examination of his underlying assumptions. This cannot here be 
attempted, but one thing must be said. Whether in this realm: ‘or in any 
other, Watt cannot expect to gain many adherents. to his views unless 


he will express his contentions in language more clear to the ordinary | 


understanding. | 
Take the conception of "order" as an attribute of sensation, and thus of 
sound. It is introduced at the beginning of E book (p. 8). It occurs 
frequently all the way through to the very end (p. 215). Together with that 
of “volume,” which is the name for the “ extensive ‘implication” of sounds, it 
bears all the burden òf the theories put forward concerning tone, noise, fusion, 
consonance, the localization present in binaural listening, and many other 
‘matters. Yet, in spite of this, 16 remains throughout an elusiye conception. 
The "ordinal differences of the elements of hearing," for example, "are the 
basis of the binaural: localization of hearing" (p. 177), and "there ів -по 
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primary difference either physiologically or psychically between the binaural 
‘basis of localization , d the uniaural basis of pitch” (p.192). But pitch, 
which is thus a “kind of order," certainly is not te be supposed to be spatial 
(see pp. 28-29; 218, &o.), whereas localization, which i is also “a kind of order,” 
&8 certainly is. * Spatiality " is said to have.’ “emerged ” from “something 
in the single’ ear,” this ' “something ” boing the ordinal, non-spatial attribute 


: of the sound sensation. How it “ emerged” is not clear, although the process 


is described as one of integration “with those ordinal differences of other 
senses that are dependent upon the physical positions of their stimuli.” 
In any case what “ emerges” from the argument would appear to be that 


' there are at least two kinds of order, one spatial and one non-spatial. Perhaps 


there may be any number of other kinds also. Perhaps, in point of fact, 
_ order” as an attribute of all sensory experience simply means that within any 
such experience differences of some sort occur, and may form а basis upon Mors 
all kinds of subsequent discrimination proceed. Thus on p. 213 "order" 
definitely spoken of asa “purely psychical arrangement." It would appear ibat 
material of any kind whatever might be so arranged. Positions, or moments, 
or qualities might all be “ ordinal "3 but it could not in the least be inferred 
from this that they were alike in. any other respect than that they were an 
“arrangement.” If this were literally all that was meant, although both pitch 
and localization could be spoken of as & “kind of order," it would by no 
means follow that the second “emerges” from the first. Nothing would 


follow, in fact, except that they would both bea kind of arrangement. This 


appears clearly to be inadequate. And it helps to show that in so far as the 
concept of “order” is to be of value i in the solution of any particular problem 
ordinal differences must be treated as having a specific nature. 

Tt is difficult to be certain about any of Watt's meanings. But it seams 
highly, probable that ' “order,” вв belonging to sound, really signifies a good 
deal more, than а mere arrangement. As it is actually made use of, the 
conception appears to be. derived from a belief that tones are “ volumic 
masses." That is, they are spread-out arrangements in which the various 
“atoms” have relative positions, and in which the ‘central atom predomi- 
nates, thus giving the whole a pitch” (p. 206). Tone is a balanced mass of 
such atoms, noise an unbalanced mass. All problems of fusion are simply & 
question of the coincidence of volumes, and their resultant balance;; while 


. interval is mainly & question of the proportion between different parts of & 


“volumico outline or stress.” Add “motion” to order and volume, and to 
Watt the structure of melody becomes clear. Study of the formation of 
scales brings us back to the same attributes combined and modified i in various 
ways. As others have remarked, Watt's whole theory rests on his conception 
оў volume; and this cenception is wholly speculative, having no empirical 
basis that cam be discovered. Supposing now that it is right to treat order 
as involved somehow in volume, then, as the latter has: avowedly extensive 
‘implications, 16 seems likely: that, however much Watt may deny the fact, in 
some way or other a spatial character does lurk in order as the latter is here 
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attributed to sound. This would Бйр ‘to explain’ why Watt is certain that 
pitch differences\are not qualitative, and might help E render the , treatment ', 
of localization a little more intelligible. But*whether in truth such 'a spatial . 
“character does belong to auditory но would sub be a matter for | 
dispute. 

There is in the’ book a long ohapter on ^ ‘ Physiological Theories d 
Hearing," in which summaries 'of, all the - leading theories are presented. 
These are of very considerable interest, though they are not always sufficient. 
Watt himself rejects the. resonance hypothesis, ав. would be expected. He 
supposes that the basilar membrane is exceedingly elastic, and that to hear a 
sound ‘means that an actual wave form is set moving along the membrane.- 
- A “physical, tone produces a waye of depression of the basilar membrane ` 
beginning from the basis and extending along in proportion to its pitch, with a 
point of maximal depression in the centre round which relative intensities are 
arranged, symmetrically and deoreasingly." There is no evidence that this . 
actually does happen. But that does not matter. For, experience being 
what 16 is—or what Watt alleges it to be—the assumption of the supposed 
physiological mechanism is perfectly consistent. If any investigation should 
be able-to show that the structures involved could not react in the way 
proposed, then the investigation must be wrong. This is where the " inde- 
pendence” of psychology comes in. ` e 

The book shows upon every page evidence of the raost careful ‘research. 
But. it is research by reading and thinking, not by experiment. Now every 
experimentalist i in psychology knows that much of what chiefly corivinces him 
is hard to put down on paper. ` And any. man who relies mainly upon 4 critical 
reading of experimental | work may fail to be convinced because some only of 
the date are set before him. In any specific psychological problem it is just’ 
as important for theorists to conduct-experiments ав іб ів for experimentalists 
to construct theories. In spite of his enthusiasm for his task, of the thorough i 
‘way in whioh'he has covered the field, and of the air of complete certainty ' 
with which he publishes his most interesting views, Watt must be said to , 

have written в somewhat one-sided treatise. I$ is, in fact, philosophical 
` ra&her-than psychological. Perhaps itis consistent with all the facts. But a 
theory which no facts can confute may be of as little worth ав опе wish which | 
no fact, can be made to agree. 


F. C. mes 


The Form'and Functions of the Central Nervous System. An Intro- 

' duction to the Study of Nervous Diseases. By FREDERIOR "TILNEY, 
M.D., Ph.D., Professor of Neurology, Columbia University, apd 
Hzngy Атвор Ritzy, A.M., M.D., Associate in Neurology, Columbia 
University. Pp. 1,020, with шыу апа indes. New York: | 
Раш В. Hoeber, 1921. . & l 


- Within, recent years no, branch: of medical science has made more rapid ` 


progress than neurology. The work of investigators.on the normal and 
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abnorial histology and physiology of the nervous system in men and animals 
has led to the accumul§tion of a vast amount'of knowledge, which is scattered 
widely throughout: the literature of different eqgintries &nd is not readily | 
accessible. There is therefore i increasing- need for the co-relation and presen-" 
tation in. book form of this wealth of data atid of the main speculations which 
have arisen from them upon the structure and functions of the nervous system. 
It is this task that the authors have attempted; but unfortunately the result 
of their labdurs has not been followed by the success that might have been 

hoped for. 
They say in the preface that their book is intended for the use of students, 
as an introduction to the study of nervous diseases; but, as it contains up- 


' wards of a thousand pages of text, it is obviously much too large for this 


purpose. What is required by the student in his medical course is a olear and 
concise account of nervous structure and function presented in a form in 
which it can readily be applied:to the study of disorders of the nervous system. 
Tt should not be encumbered with debatable points of detail or an ambiguous 
and misleading terminology. As far as possible it should give the facts and 
show how they can be united by accepted general principles. 

If, on-the other hand, the book is to be regarded as a comprehensive 
treatise for reference, as its size might indicate, it falls short in many ways. 
For example the bibliography is never referred to in the text, a want which is 
all the more felt as the authors tend to dogmatize on controversial questions. 
The perpetual insistence on syndromes is trying to the reader, who is anxious 
to discover the significance of some sign or symptom. For instance "the 
Babinski reflex” is repeatedly mentioned, but there is no coherent or systematic 
account of current views as to its nature and origin. The term "sensory" 
is employed to designate both sensory and non-sensory afferent fibres and 
impulses, a usage’ which inevitably gives rise to considerable confusion. The 
information given is extensive, but is insufficient on several important points 
both of structure and function. Thus, the fasciculus retroflexus of Meynert 
is scarcely mentioned ‘and vision and speech are inadequately dealt with. To 
illustrate the disorders of function, which result from lesions of different parts 
of the nervous, system, the authors have drawn freely from their clinical 


. records; but the, value of these examples is often diminished by the incom- 
' pleteness of the observations and, occasionally, by the diffuseness of the morbid 
, changes. 


The meaning is not infrequently obscured by the use of barbarous terms 
such as "arthresthesia," “ piezesthesia,” &o., which are unnecessary and have 
not received general acceptance. The ear of the reader is jarred by ' ‘juxte- 


grjgeal,’ " " behavioural ” and ' ' tractability " and the proofs have been carelessly 


read. ''Deiters" and ' “Gowers ” are correctly spelt in the index, but are 
habitually wrong in the text ; the name of the French neurologist becomes 
" Déjérine” in the index, “Djerine” on ев of the plates, but is rightly 


' printed i in the references. 


Of the 591 figures, eottdiüing 163 illustrations, in ате good, but others, 
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» especially the reproduotions '6f photographs of ТЕ; of the nervous system, 
. could be considerably improved. 
We havé been воет уа lavish in criticism because we peeve that an 
” authoritative and comprehensive presentation of-the available knowledge on , 
the applied and comparative anftomy and physiology of the.central neryous ` 
system is much needed.. This book Will probably pass into a second edition, 
and if so there is no reason why it should not be еы improved to meet- 
the wank ; 


_Manic-depressive Insanity , and Paranoia. By Professor EMIL, 
KRAEPELIN, of Munich, translated by R. Mary Barouay, M.A., 
B.. from the eighth German edition of the ''Text-book of . 
Psychiatry." Vols. III and, IV. Edited by Сковак M. 
Rosertson, M.D., F.R.C.S.Edin., Professor of Psychiatry in the 
University of Edinburgh апа Physician to the . Royal Asylum, 
Morningside. Pp. 280. Edinburgh: Livingstone, 1921. 


To Professor Kraepelin is due the credit of recognizing manic-depressive 
inéanity as а single morbid group characterized "by. profound alterations in ` 
emotional tone, but unaccompanied by progressive mental deterioration. The | 
phases of exaltation or depression may be of very different intensity; thus a 
patient, who suffers from severe recurrent attacks of melancholia, may show 
symptoras of hypomania so slight that they are considered as the natural 
‘rebouhd of convalescence. Conversely, & man who „becomes excited. and 
- troublesome, and on recovery passes into а quiet unhappy state, may appear to 
be brooding over the consequences of his outburst of folly. But the most 
difficult cases from the,point of view of the neurologist are those usually called , 
“recurrent neurasthenia”’; each attack is attributed to some worry or physical 
- strain, and the essential nature of the condition and its close relation to manic- 
depressive states is not recognized. Careful inquiries will, however, elicit the: 
suddenness of the onset and its want'of direct dependence on emotional shock. 
This morbid condition persists for many months or even years and then passes 
away ав suddenly and apparently as causelessly as ib came. ` - ‘ 

We therefore welcome this translation of the chapters , in Professor , r 
Kraepelin's book dealing with manic-depressive states in all their forms, 
straightforward circular insanity, recurrent excitement or depression, repeated 
attacks of “ neurasthenia,” or mixed psychical conditions in which all ‘these 
forms coexist to a greater or less degree. No cases are described, but each 
‘chapter is illustrated by a multitude of instances, which tend somewhat to | 
obscure the general clinical picture. Every aspect of this protean malady is 
considered systematically : but at the end Professor Kraepelin ааа that. 
he is. completely ignorant of its true nature and cause. 

. The last two hundred pages are devoted to an account of Paranoia, in T 
narrower meaning of the term, ав a primary form of ‘insanity, which develops 
insidiously and leads to no permanent psychical weakness. Here, in these 
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chapters more clearly than elsewhere, we seo the difficulties produced 


by a classification builtfap solely on overt symptoms and deviations of conduct. 
The translation is accurate but clumsy: thg book is full of German 
phraseology and, 16 is a pity that some of the legends on the figures have been 


‘left in the language of the original. Englis& students who require a transla- 


tion of во well-known: a work may Be puzzled by such explanations as 
“Gesunde richtig, Gesunde . falsh,” “ Zornige Manie,” " Depression mit 
Reizbarkeit,” and the numerous long German citations. $ 


. Anaiety Hysteria. Modern Views on some ‘Neuroses. Ву C. Н. L. 


Rixow, M.D., M.R.C.8., and D. Marrugw, M.C., M.B., Ch.B. 
Pp. 124. London: H, К. Lewis, 1920. 
'The aüthors have attempted to express in simple language their views upon 


the psychopathology, symptomatology, diagnosis and treatment of the more 
common forms of the psychoneuroses of war. They address especially the 


Е general "practitioner who, as а medical referee or a member of a medical board 


under the Ministry. of Pensions, has frequently to deal with such patients; and 
as a practical guide to investigation and to rational methods of treatment on 
broad lines it will serve a useful purpose. 

A chapter is devoted +9 psychopathology and some of the mental processes 
concerned in the production of: symptoms are explained. Diagrams are freely 
used and will perhaps be found, helpful, although they are apt to lead to some- 
what stereotyped notions of the processes they are intended to elucidate. The 
views expressed agree with those of most observers, that the conflicting forces 


аб the base of war neuroses are those connected with the instinct for self- 


preservation and with the sentiments linked round the ego-ideal The 
terminology employed is as & rule clearly defined but if would have been 
advantageous to have used separate terms for voluntary and involuntary 
forgetting. ` . 


Psychology and Psychotherapy. By WinLiAaM Brown, M.D., D.Se. 
- Рр. 196. London: Edward Arnold, 1921. 


'This little book deals in an easy and popular manner with the various 
aspects of modern psychopathology. The introductory chapters are devoted 


. to dissociation ‘and to the ‘theories evolved to explain hysteria and the 


functional neuroses.. The second part contains a clear statement of the 


teaching of Freud, with a short description of psycho-analysis and word- 
' association. This is followed by a chapter on psychotherapy and в section 


on the lessons of war. The style is clear and simple and the book can be 
recommended to those who are anxious to know something of the diverse 
views now current on the processes responsible for the psycho-neuroses. 


Writers of "Original Articles and Clinical Cases" are supplied free of charge 
with БО copies reprinted in the form in which the paper stands in the pages of 


“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, ' 


a and re-numbered pages, they must be ordered, at the expense of the writers, 
om Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the, Index of “ Brain? for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin's Street, London, W.C., at the price of 6s. 6d., post free. 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 8d. net, and the volume may be obtained 


through any.bookseller. , 
EDITOR. 


[Jury, 1921.] 
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LESIONS OF THE BRACHIAL PLEXUS ASSOCIATED WITH 
' |: RUDIMENTARY RIBS. 


BY PEROY SARGENT, C.M.G., D.8.0., F.R.O.8. 


INTRODUCTORY. 


RUDIMENTARY, ribs at the upper thoracic operculum have for 
. centuries attractéd the attention of anatomists. According to Keen [12], 
whose paper should be referred to for the Historical aspect of, the 
subject, b earliest’ account of such an anomaly is that given by 
Hunauld ii 1740, and many descriptions of sporadic specimens are 
scattered throughout the old, anatomical and surgical literature. The 
advent of evolutionary ideas drew to them the attention of morph- 
ologists, some of whom attempted to show that the “general shortening 
of the thoracic region, which is at-work throughout the mammalian 
series, was evidenced as а distinct and ordered evolutionary process 
from ape to man ” (Wood Jones) [9]. The studies of Dwight [5] and 
others failed to confirm this. view, and Dwight concluded that these 
costal and vertebral anomalies are “ merely variations round a mean, 
which for want of a better word. we must call accidental.” 

Were it not for the. correlated abnormalities of the soft parts, and 
- the symptoms which may arise by reason of this association, these 
rudimentary osseous structures might have failed to attain а position of 
any practical interest. "When aneurysms were common and occupied 
much of the surgeon’s attention, an accessory rib was regarded as a 
possible cause of that condition, or as a convenient point d'appui for 
pressure in its treatment. It was-also recognized that such a rib might 
give risé to difficulty i in diagnosis.: Thus Paget [17] wrote: “ Тһе 
d imitation of subclavian aneurysm is made more marked when a 
nervously pulsating subclavian artery lies upon a cervical rib.” “It ів 
. only comparatively recently that the importance of these anomalies 
from the neurological point of view has been. fully recognized. 
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Patients suffering from symptoms due to & rudimentary rib constitute 


a clinical groap of not. inconsiderable віле, to which Qe are in а position > 


to transfer a number ofẹ cases from amongst those bearing such 
cr diagnostic " labels as brachial neuritis, , brachial neuralgia, uniradicular 
palsy, progressive muscular atrophy, yriter’s cramp, occupation neurosis 
and symmetrical atrophy of the hands. Thus Farquhar Buzzard [3] 
in, 1902 described six cases of nerve-root’ lesion under the title of 
‘“Uniradicular Palsies of the Brachial Plexus.” A review of the clear 


and accurate account of these cases cannot but convince one that four , 


were instances of the lesion which would now be ascribed to “ cervical 
rib.” Similarly, as pointed out by ,Bramwell and Dykes [2], Lewis 
Jones [11] reviewed in 1908 a group of cases to which he had drawn 
attention in 1893 under the title of “Symmetrical Atrophy affecting 


the hands in young people," and found a well-marked cervical rib to · 


exist in no fewer than ten out of fourteen patients of that group. 


RELATION BETWEEN COSTAL иба AND THE NERVES 
CONSTITUTING THE BRACHIAL PLEXUS. 


"Wood Jones [9] has demonstrated the fact ‘that costal anomalies. 


are associated; as he believes causally, with variations in the constitution 
of the brachial plexus. He believes that the development of ribs both 
in the cervical and lumbar regions is arrested at the points where the 
nerves, taking ‘an oblique, course in order to reach the limbs, cross 
ene primitive mesoblastic costal elements, “thus giving rise to the 


"ribless neck and waist." Thé first indication of this interrelation — 


is to be found in the neural grooves upon the first rib. , The first 
thoracic root! (or the lowest cord of the brachial plexus resultin ; from 
its junction with the eighth cervical) in passing to the axilla causes, by 


pressute, the groove upon the first rib which, from being supposed ` 


to lodge the subclavian ‘artery, is commonly known as the sulcus 
subclavie ; this groove-he consequently prefers to call the sulcus nervi 
brachialis. When the first thoracic root is very large, the groove may 
be so strongly marked that the rib is actually bent downwards at 
this point. When a large part of the second thoracic nerve goes to the 
brachial plexus, the first rib may actually be deficient, and may be 
either continued, on to the sternum as а fibrous’ cord, or pressed down 
upon and fused with the second rib so as to constitute a“ bicipital rib.” 


! Where the term ‘t toot ” occurs, 16 indicates that part ‘of the anterior primary division ^ 


of the spinal nerve whioh enters the biachial plexus. 


t 


ц 


e 
‚ LESIONS OF THE BRACHIAL PLEXUS ` 97 


A адны plexus 80 constituted.is a post-fixed plexus. The conclusion 
is therefore that the hore post-fixed the plexus, the more likely is the 
first rib to be’ ill developed or abbreviated. Conversely, a pre-fixed 
plexus is likely to be associated with an gbnormal development of the 
costal element of the seventh cervical vertebra, and there are шапу 
facts which lend support to this view. It is trae however only within 
certain limits, “Wingate Todd [22], as the result of his observations, 
concludes: that “ cervical ribs. may’ be present in cases where the 
composition of the brachial plexus is normal” and that “the disposition 


of the’ nerve trunks alone is insufficient in many cases to account for, 


the presence and length of rudimentary ribs." During many of my 
operations I have attempted to make a careful examination of the 
plexus во as to'determine its composition. On one occasion when 
I could find no contribution from jhe first thoracic nerve, I stimulated 


the eighth cervical root and caused contraction of all the intrinsic 


muscles of the hand. In other instances, however, the contribution 
from the first thoracic nerve has been, evident, and apparently of 
normal bize. Similar discrepancies may be noted in the descriptions 
of dissections which are to be found scattered throughout anatomical 


~ literature. In thie connection the description given by M. F. Lucas [14] 


of the composition of the. brachial plexus in two dissecting-room 
subjects is particularly interesting. In a female subject the left rib, 
6 cm, long, was attached by a short fibrous: band to the medial border of 
the first rib, and was grooved by the lowest and middle trunks of the 
plexus. | The fourth “cervical nerve contributed to this plexus, which 


, was ‘only ‘slightly prefixed. On the right side the cervical rib was only 


half as long, and here the fourth cervical nerve made no contribution to 
the plexus, whilst the contribution of the first thoracic nerve was 
appreciably larger than on the other side. In a male subject, each 
cervical rib was, & little over 4 cm. long, and in both савев the. 
composition of the brachial plexus was normal. Hertslet and Keith [7] 
give a drawirig ‘showing side by side, for comparison, one thorax with a 


` rudimehtary first thoracic rib and another with a cervical rib. The 

_ first is associated with a postfixed plexus and the second with a prefixed 

` plexus. In the case of the rudimentary thoracic rib a large part of the. 
. second thoracic nerve joins the whole of the first thoracic, the combined 


nerwe passing over the bony part of the rib. In the case of the cervical 
rib, в small branch from the first thoracic nerve passes up to join the 


‚ eighth cervical, the combined: nerve passing over the bony’ part of 
the rib. This plexus receives a large branch from the fourth cervical 
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nerve. Arbuthnot Lane recorded a case of rudimentary 1 
rib with а definitely postfixed plexus. Describing $ specime 
«Tib he notes that the‘“ firm tendinous cord" which contin 
of the cervical rib is attached фо the upper margin of the 1 
rib and its cartilage. 
It seems quite clear therefore. that although, general 
` some prefixation of the plexus is usually to be found ass 
éervical ribs, and some degree of postfixation with ab: 
thoracic ribs, yet the relationship is by no means constani 
the form and size of the abnormal rib appear to bear a 
relation to the composition of the plexus. 
Were the plexus always prefixed for а complete вер 
& well developed cervical rib is present, we should expect, ‹ 
being equal, that no symptoms would occur. Оп the 
^a large contribution from the. first thoracic nerve, by pass 
accessory, rib or its fibrous continuation, would be more 
injury, and symptoms would be more likely to arise. Prefix 
plexus would thus be ап advantage in the presence of a cers 


CLASSIFICATION OF CERVIOAL Ras. 


The classification of Gruber, quoted by Keen, is as fc 

^ First degree, a very slight increase of the costal ү 
reaching beyond the true transverse process. Second, a ril 
beyond the transverse process to a moderate extent and er 
free in the tissues or attached in some way to the first t 
Third, a still further degree of development in which t 
rib extends for a considerable distance toward or even to t. 
of the first thoracic rib, possesses a complete body, anc 
directly or by means of a ligament with the cartilage of t. 
Fourth, & complete cervical rib uniting at the anterior ext: 
the cartilage of the first rib through which it reaches the mt 

This however does not embrace all the forms which 1 
with, and takes no account of whether ог not the rib is joi 
therefore to some extent movable upon, the seventh cervic 
It therefore requires amplification. 

The actual length and shape of the bony portion of t 
not seem to have any great clinical significance ; its direct 
other hand, is important, as was first pointed out by Thoi 
This fact is well illustrated by a remarkable case of my ow 
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where the rib, after subperiosteal resection, was reproduced, but, being 
moulded during its reincarnation. in a direction less at variance with 
that of the nerves, the symptoms previously resent did not reappear.. 
A somewhat similar case by Weber is quoted by, Hinds Howell [8]. 
Subperiosteal resection of a cervical rib was followed by regression of 
' the symptoms which, however, reappeared with the re-formation of the 
bone. Subsequent removal resulted in recovery. 

‘The mobility of the rudimentary rib may also influence the 
symptoms, so that the jointed rib, whatever its length, deserves 
separate notice., 

The types which I recognize are as follows :— 

(1) Ап exaggerated costal process of the seventh cervical vertebra, 
not jointed to but fused with the transverse process, and continued 
forwards and downwards as а fibrous band to be attached to the first 
thoracic rib behind the scalene tubercle. 





Fig. 1. 


Fig. 1 represents an example of Type 1, where the bony rib is unusually long for a 
non-artioulated rib. The diagram alongside indicates in seotion the relation of the nerves 
and artery to the abnormal costal elements. 


(2) A short rib, articulated to the seventh cervical vertebra by 
costo-central and costo-transverse joints, and continued onwards as a 
fibrous band to be attached to the first rib as in type 1. 

* (8) A jointed rib of sufficient length to carry the eighth root upon 
its bony portion, and attached by а fibrous band to the first rib. 

(4) A jointed rib of which the anterior extremity makes contact 
with the first thoracic rib, the two POE either fused, or united by an 
irregular articulation. 
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(5) A oditietiary: first thoracic rib, ‘the anis bros portion 
of which is attached to the sternum, usnally ‘byt a rudimentary costal 
cartilage: ` ° 

‘Varieties doubtless exist amongst these types. This is ЖОЖ А. 
by the following instance which | am unable to place in the foregoing 
classification (fig. 18). Case 28: The rib was articulated both with the 


‘body and transverse process of the seventh cervical vertebra.. ` The · 


seventh and eighth cervical,roots lay upon the bony rib, being ‘separated - 
by a well-marked ridge. The anterior extremity was continued on 


‚ towards the anterior end of the first thoracic rib, passing'in front both 


of the subclavian artery and the first thoracic nerve. Hinds Howell [8] 
mentions в similar case operated upon by Rawling in which the rib ' 
projected between ‘the eighth cervical and first thoracic roots which. 
Baie begong it. 


› { 
RurATION ОР THE SPINAL NERVES TO CERVICAL RIBS. 


The relation'of the roots of the brachial plexus to the various types 
of rudimentary ribs appears to be fairly constant, and is indicated in 
the diagrams. The observations made during the course of ап ‘opera- 
tion cannot however be as accurate as those made in the dissecting 
room, and the point least easily ascertained by operative dissection is. 


‘the size of that portion of the first thoracic nerve which enters the 


plexus, and its exact relationship to the abnormal costal element. One. 
cannot always determine therefore whether the lowest nerve seen is. 
the eighth cervical alone, ór the combined trunk of the eighth cervical | 
and first thoracic roots. It may however be stated quite confidently 
that the commonest arrangement is for the seventh root to lie upon 
the bony part of the cervical rib, and for the eighth root (or the lowest 
cord of the plexus) to be carried upon the fibrous portion. Farther, . 
my observations have convinced me that, whilst the contribution of 
the first thoracic nerve to the plexus may be of considerable size, 16 is 
usual small and may even be absent. This confirms the view that 
when в cervical rib exists -the plexus tends to be of the ‘prefixed type. 
It із certainly not true however to say that the better developed the 


` cervical rib the more prefixed is the ‘plexus, or vice versa. А rudi- 


: mentary first thoracic rib is'a much rarer anomaly than a cervical *rib, 


but it seems to be an established fact that in such cases the plezus 
tends to be of the ‘postfixed type. This is in harmony with the 


: observation of Wilfred Harris [6] ‘that the postfixed i is not во common 


as the, prefixed type in man. 
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The main sympathetic nerve. supply to the upper limb comes from 
the, inferior cervical and first thoracic ganglia, usually by two trunks 
which enter the first thoracic and eighth cervical nerves close to their 
foramina of exit from the vertebral column. A’ communication, stated 
by Cunningham to occur in 70 .per cent. of cases, from the second 
thoracic nerve joins the first. thoracic, and contains sympathetic fibres. 


' Wingate Todd [22] has given a diagram of this arrangement, and has 


pointed out how the sympathetic nerves to the upper limb may be 


subjected to i injury in the presence of a cervical rib. 


) 


"Dissections айё by Professor ‘Е. G. Parsons and myself show the 


sympathetic branches entering thé brachial nerves (fig. 9). I have 
D 4 1 





' Fra. 2.—From а dissection by F. G. Заа showing sympathetic branches to 
the brachial plexus 


attempted to trace these nerves after their incorporation with the main 
trunks. Dr. W. Penfield has made serial sections which show! that 
bundles.both of small medullated and of non-medullated fibres tend to 
lie, at first at any rate, in the periphery of the mixed nerve. It may 
be ‘that this arrángement is very variable, and that in those patients 


‘who exhibit well-marked vasomotor symptoms the sympathetic fibres 


are specially exposed to injury from their superficial position. As 


‘regards ‘oculo-pupillary symptoms, the only instance which I have 


.encountered where such were present occurred in a woman 42 years of 


age. It was noted that the right pupil (the'affected side) was smaller 
than the left, and that the right palpebral fissure was sometimes wider 


‘than the left. When seen six years after operation no such symptoms 
‘could be detected, and the arm had completely recovered, 
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Thorburn [21] states that he never saw oculo-pupillary signs, and 
that the only case in Schónbeck's series had co-existent syringomyelia. 
І : | p 
THE SuBQLAVIAN VESSELS. 


- 


The height to which the subclavian artery rises in the neck varies 
considerably in normal individuals, and is naturally affected by the 
position of the shoulder. Many patients with symptoms due'to cervical 
rib are “bottle necked,’ and the droop of the shoulders tends to 
exaggerate the height to which the artery rises above the clavicle. In 
some recorded instances the artery has been found passing over the 
accessory rib. I have not encountered an example of this condition 


amongst the patients upon whom I have, operated. The only case in' ' 


which I have seen the artery passing over an abnormal rib was an 
example of rudimentary first thoracic rib. In almost all my cases the 
artery has been found either lying upon the first thoracic rib, or just 
held off from it by the’ fibrous band. In two instances a very large 
transversalis colli or suprascapular artery has been found lying upon and 
grooving the cervical rib. The pulsations of this vessel had been noted 
before operation, and might easily have been mistaken for those of the 
subclavian artery. 

The:varying relation of the artery to abnormal ribs described by 
Wingate Todd [29] corresponds closely with my own observations. 

In в recent case of my own, a well marked example of Type 4, the 
course of the subclavian artery was во peculiar as to deserve special 
mention’ (fig. 3). A large accessory rib, which formed a remarkable 
prominenoe in the supraclavicular fossa, was joined by ал irregular 
articulation with a mass of bone upon the upper surface of the first rib. 
The subclavian artery rose high in the neck to the inner side of the 
accessory rib, and then, bending downwards, grooved the inner aspect 
of the mass of bone formed partly from the cervical rib and partly from 
the first’ thoracic rib. It then turned outwards just below the bony 
mass, to reach the axilla. There was no contribution to the plexus 
from the first thoracic nerve. The lowest cord and the subclavian 
artery were thus separated by a mass of bone, and over this there had 
developed a well-marked synovial bursa. 

A number of cases have been reported as having had aneurysmal 
enlargements upon the artery. The subject is fully discussed by Keen ' 
[12] and need not be further considered here. At most of my opera- 
tions the artery has been carefully observed, and in only two was any- 
thing resembling a dilatation seen. "Both were examples of Type 4, 
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the cervical rib being attached to the first thoracic rib by a mass of 
bone against which the artery lay. In one the artery was dilated 
proximal to the mass, and in the other а fusiform dilatation existed 
at the point of contact. In the latter, no radial pulse could be felt; 
in the former the pulse disappeared with the arm in the dependent 
position. In a third case, belonging to the same type, the artery was 
definitely narrowed at the point where it crossed the bony mass 
resulting from the fusion of the cervical with the thoracic rib. In 
this patient no radial pulse could be felt in any position of the limb ; 
a systolic bruit was to be heard, and a thrill could be felt, above the 
clavicle. The absence of the radial pulse in the dependent arm is but 
an exaggeration of а common phenomenon in cases of cervical rib. 





Fre. 8 is an siii of Type 4, with a definitely prefixed plexus, and 
Р the subclavian artery i in peculiar relationship. 


When the arm is hanging by the side, the least downward traction 
will often cause the radial pulse to disappear. In many instances of 
bilateral cervical rib I have noted that the radial pulse can more 
easily be made to cease by this means on the side of the most pro- 
| nounced nerve symptoms. Doubtless the artery is, in these cases, 
subjected to the same mechanical strains as is the lowest cord of the 
brachial plexus. Similarly, а systolic murmur, not conducted down 
the arm, can sometimes be heard just above the clavicle, and can be 
made to vary with the position of the afm. The subject of arterial 
thrombosis and gangrene of the fingers is also fully discussed in Keen’s 
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paper, to "which reference should be made. No such case has come 
under my own observation. “ Vascular symptoms " have, i iamy patients, 
“always been due to vasomotor disturbances. ' | 
The subclavian vein.is rprely obstructed, and indeed its position 
is such that it can scarcely come into relation witk any part of 
any cervical rib. Thorburn mentions one case in whicn he believed 
that the одета might have been due to pressure on tie “subclavian 
vein. а d ‘ \ 


CAUSATION OF THE SYMPTOMS. 


The bs which determine the onset of symptoms in persons with: 


cervical ribs are so excellently presented in а recent páoer by Bram- 
well and Dykes [2] that a full discussion is unnecessary bere. 

_ That the lesion is traumatic cannot be doubted. In the cases of 
sudden onset of symptoms some definite strain has occu-red, such as 


‚ lifting а heavy. weight, which would naturally bring nere rong “rib” 


` into sudden and violent contact.  " 

' When the symptoms are of gradual onset the damage is is, I Бн; 
produced by the continual friction of the nérves against ths non-ossified 
costal process, caused by the movements of the arm and by the 
respiratory movements. I have frequently been able to demonstrate, 
during an operation, the manner in which the nerve is pushed upwards 
and rolled over as the band tightens during inspiration and in certain 
positions of the arm. Further, it can, eásily be seen that as soon ав 


the band is excised the nerve at once sinks to a lower level in the. ! 


wound and is relieved ‘of all tension. I believe the meckanism to be . 


commonly as follows: The fibrous band, springing from the costal pro- 
cess of the seventh cervical vertebra, is usually attached zo the upper 
surface ‘of the first thoracic rib behind the axis of movement of that 


rib. As the anterior end of the rib rises in inspiration, the posterior: ` 


part tends to sink, so that the band is made taut, anc comes into 
harmful contact with the nerve which lies against, it. Thomas and 
Cushing [19], in 1908, suggested that the fibrous band was the cause 
of the symptoms. Here “ the lowest cord of the plexus waa compressed 
by a dense fibrous band which passed from the tip of the rudimentary 
rib under the plexus to its point of attachment to the first thoracic т}. 


The band therefore over which the lowest cord of the p-exus archtd ` 


åt rather an acute angle was the offending agent rather than the bony | 


projection itself." 
Whether апу gross histological changes occur in the damaged nerve, 


(Lab, 
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such as can be demonstrated in an ulnar nerve similarly affected by 


rolling movements’ over an abnormal humeral condyle, I have had no 
opportunity of ascertaining, but one would maturally suppose that such 
changes would occur, and that they would be the more pronounced the 
longer the symptoms had persisted. "This supposition is supported by 
the fact that the rapidity and degree of recovery after operation are to 
a large extent related to the previous duration of the symptoms. On 
the other hand, I have never encountered any instance of palpable 
thickening, nor have I seen any naked-eye evidence of damage, except 
in one case in which а distinct groove marked the nerve at the point 
where 16 had been in contact with the band. 

I have now operated upon sixty-five patients for the relief of 
symptoms due to a “cervical rib.” Whilst the ribs were always bi- 
lateral, they were not invariably symmetrical, and when any conspicuous 
difference in size existed the symptoms were most frequently worse on 
the side of the smaller rib. The right arm was wholly or chiefly affected 
in thirty-three patients and the left in twenty-four, whilst eight patients 
presented well marked bilateral symptoms. 

The age and sex incidence in my cases conform with those noted 
RR other observers. Of sixty-two patients the average age was thirty- 

; fifty-five were females and seven males. 

Wi the exception of three school children (aged respectively 12, 
18, and 15), one artist, and one patient who might be classed amongst 
the “idle rich," all were engaged in active and often strenuous pursuits. 
Amongst the males there were two painters, one medical practitioner, 
one soldier, and one stoker. Of the females there were thirty-two 
employed in domestic work, five clerks, five nurses, three seam- 
stresses, two pianists, two shop assistants, two, telegraphists, one 
typist, one letter sorter, one teacher, and one milk-carrier. 


SYMPTOMATOLOGY. 


The symptoms which may be caused by a cervical rib are well 
' known. Pain, paresthesia, disorders of circulation, affections of 
cutaneous and other forms of sensation, weakness, wasting, and altera- 
dion of electrical reactions, occur in varying combination and in varying 
degree in individual cases. These symptoms may be grouped into 
those of damage to :— 
(1) Somatic afferent fibres, namely, neuralgic pain, and disturbances 
of cutaneous and deep sensibility. 
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(2) Somatic efferent fibres, namely, weakness, wasting and alteration’ 


of electrical excitability in the affected muscles. 
(8) Sympathetic fibres, namely, circulatory disturbances бор, 


cyanosis, oedema) and certain, paresthesie (tingling, numbness, ‘and © 


feelings of coldness or, swelling). . 


Counting each case with bilateral symptoms as two, the order of! 


frequency of the Apna for which the patients seek relief is (in 
fifty- eight cases) as follows :— 


(1) Weakness .. АУ "m s ES = 79 per cent. 
с (2) Aching or paroxyamal pain .. s 35 = 72 $5 
(8) Paresthesia . . .. ЕУ a = 89 


Mascular wasting was evident in forty-three (72 per cent.), objective 
sensory loss in twenty .(34 per cent.), and signs of vasomotor disturb- 
ances in seven (12 per cent.). А 
The “ weakness" of which so many patients complain is sometimes 
described сав “clumsiness,” or inability to perform the finer acts 
demanded of the hand, especially after the hand has been in use for 
some time. Thus writing, sewing, typewriting, and piano playing may 
be rendered difficult. or impossible. This symptom is often complained 
` of by those with по visible muscular wasting, and is presumably 
dependent upon a disturbance of deep sensibility. In early cases it is 
inconstant, only occurs as the result of exertion, and quickly passes off 
with rest. We find that sixteen out of fifty patients were engaged in 
pursuits requiring the constant use of the hands for fine and specialized 

.movements. We may no doubt add to these a certain number of the 
patients engaged in domestic work, for much needlework falls to the lot 
of.a good many of them. 


Тик AFFEOTED MUSOLES. 


Kinnier Wilson [24] was the first to draw attention to the fact that 
some, patients with cervical rib exhibit & characteristic peculiarity in 
the muscular wasting. This peculiarity consists in the picking out of 
abductor brevis and opponens pollicis, the other thenar muscles being 


relatively or absolutely unaffected. He concludes that the thenar ` 


muscles ‘derive their nerve supply from two roots, namely, the ab- 
ductor апа opponens from the seventh and the flexor brevis, pollicjs 
from the eighth cervical. i 

With в normal arrangement of the brachial plexus the hypothenar 
muscles derive their nerve supply from the first thoracic root, the 
interossei chiefly from the eighth cervical, and the superficial flexor 


\ 
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muscles of the forearm from the sixth cervical. In the thirty-two 
cases of my series belonging to Types 1 and 2 which exhibited 
muscular wasting, all the intrinsic muscles ofe the hand and the guper-. 
ficial flexors of the forearm were affected six times; all the intrinsics 
of the hand (without forearm involyement) fourteen times; whilst in 
twelve instances the muscles chiefly affected were. the abductor and 
opponens pollicis. In terms of normal roots this would mean involve- 
ment of— a. | 
C6, 7, 8 and T1 in six, 
C7, 8, and Т1 in fourteen, 
and СТ and 8 in twelve. 


Thus C6 would be involved in six, and ТІ would be left out in 
twelve, C7 and C8 being aftected in all. We are, however, dealing with 
plexuses of varying composition, but with a tendency to prefixation, in . 
which the contribution from first thoracic nerve is small or absent. The 
muscles of the hand are therefore in ‘these cases chiefly supplied by 
the eighth and seventh roots, which are ‘those most exposed to the 
traumatism of the commonest variety of cervical rib. 

Theodore Thompson [20], commenting upon the difficulty of under- 
standing why seventh cervical rib should cause symptoms referable to 
the first thoracic root, called attention to the varying constitution of the 
lowest cord of the plexus associated with cervical ribs. 


THE SENsoRyY CHANGES. 


In all cases cutaneous sensibility to cotton wool and to pin-prick has 
‘been carefully tested. Unfortunately the other forms of sensibility 
have been too rarely investigated with accuracy to permit any general 
statement being made, but impairment both of thermal and of postural 
sensibility have been noted several шщде, in addition to those of pain 
and touch. : 

In 60 per cent. of my cases no alteration of sensibility either to 
. cotton wool or to pin-prick was detected. Whether more accurate 

testing: might have revealed some abnormality it is impossible {о say, 
but at any rate it can be stated definitely that in at least half the cases 
-~ which have come under my own observation any sensory changes which 
may have existed were too slight to be detected. by the ordinary clinical 
means of examination. 
In twenty cases carefully charted, there was dulling of sensibility 
to pin-prick and cotton wool, distributed regionally as follows :— 
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Ulnar border of arm, forearm and hand .. Зе 8 
WA 3; forearm and hand’ y. J e. 4 
51.63 3; forearm .. 8 
$5 5i hand ' .e А Б 
> Radial border of arm and forearm 1 
» ӨН forearm and hande ic 
т, » hand .. Be урга 2 


According to the commonly accepted delimitation of root areas, we 
should have concluded that the roots most.often affected were, in order 
of frequency, the first thoracic, the seventh cervical, the second thoracic, 
and the sixth cervical, whilst the eighth cervical nearly always escaped. 

Let us however review the forty-four cases belonging to Types 1 and 
2, where the seventh root rests upon the bony part of the rib and the 
eighth (or lowest cord) is carried upon the fibrous band. In only. 
fourteen of these was any sensory change detected, and in twelve of 
them its distribution corresponded with the usual distribution of the - 
first thoracic root—in two with that of the seventh cervical. We are 
not however dealing with a normal plexus, but with a plexus of the 
prefixed -type in which the area usually supplied by the first thoracic 
root tends to be supplied by the eighth cervical, namely, that which is 
most exposed to the traumatism of the fibrous band. In the majority 
of cases therefore the distribution of the cutaneous alteration of sensi- 


‚ bility comes into line with the anatomical arrangement observed at 
` operation. 


4 


In this connection attention may be called to two particular cases. 
In one (Case 12), the area of diminished sensibility to pinprick and 
cotton wool embraced only the thumb and the terminal phalanges of 
the index and muddle fingers, whilst the only muscle affected was 
abductor brevis pollicis. Неге the eighth cervical root passed over the 
tight band, whilst the first thoracic, passing beneath the band, escaped 
injury. In the second case (Case 49) the area of diminished cutaneous 
sensibility embraced the radial half of the forearm, both behind and 
in front, together with the thumb, index, and middle fingers; there was 
no muscular wasting. In this case the first thoracic nerve made no 
contribution to the plexus. It cannot be said that these cases furnish, 
either from the distribution of the sensory changes, or the muscles 
affected, any reliable information of morphological value regarding the 
normal distribution of the roots of the brachial plexus. Not only is the 
degree of shifting of the plexus upwards or downwards upon the cord 
variable, but the position which the different bundles of fibres occupy 
in the. individual spinal nerves is probably subject to much variation. 


i 
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The bundles which же sitfiated nearest the surface.of the ‘nerve at the 


point of contact with tthe abnormal rib would presumably suffer most 


severely. e 


A recognition of the usual relation of these variable plexuses with 
the various kinds of cervical rib is, however; important from a practical 
point of view. In 1903 Edwin Bramwell, [1] reported a case the 
salient features of which were as follows: pain down the inner side of 
right forearm for about three years; gradual loss of power in the hand, 
with cold feeling, for about twelve months; wasting of thenar and 
hypothenar muscles .together with pronounced weakness of the flexors 
of the fingers; an area of impaired sensibility on the ulnar side of the 
forearm from just above the elbow down to the wrist. ‘Having made a 
diagnosis of a lesion of the first thoracic root before its junction with 
the ‘eighth cervical, he writes: “It is interesting to note the intimate 
relation of the first dorsal nerve-root to the sharp internal border of the 
first rib. Such a relation can hardly fail to predispose this root in an 
especial manner to traumatism.” The suggestion of a first rib, rather 
than в cervical rib, being the cause of the symptoms in a case of this 

‘character, thus ‘made for ihe first time, has been acted upon, and in 

several cases Stiles has removed a portion of the first rib, with excellent 
results. Similar cases are recorded by Morley [15], Murphy [16] and 
others. Stopford and Telford [18] have fully recorded and discussed 
‚ Seven. examples of в similar nature. In their first case “©з very large 
contribution from the first dorsal root was found ascending in & deep 
groove on the inner border of the first rib to join the eighth cervical 
“root.” There was a small cervical rib on the other side, but none on 
the affected side. In another of their cases “ the contribution from the 
‘first dorsal segment -of the cord was unusually large." They express 
the opinion that “ а predisposing.cause seems to be the anatomical 
relation of ‘the nerve trunk and the rib, when the bone is bevelled by 
& trunk, which receives в large, contribution Hom. the upper two dorsal 
roots." ` : 

In the light of these reports I have reviewed my own cases of 
cervical rib. Amongst them are sevéràl cases presenting symptoms of, 
lesion of the first thoracic root in which the radiographic evidence of 
ceryical rib was negative. In one such instance the note made at the 
operation states that в strong fibrous band, over which the eighth root 
passed, tightened in a very conspicuous manner with each inspiration, 
and that on its detachment from the tip of the seventh cervical costal 
process it- was immediately pulled downwards for fully half án inch. · 
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This patient was cured and remains well after an interval of nine years. 
I believe that the same good result would have followed Stiles’ opera- 
„tion of removal of а partion of the first thoracic rib, carrying with it 
" the lower attachment of the non-ossified “ cervical rib.” І believe, too, 
that in some cases the more “complete relief of tension which Stiles" 
operation affords would probably fender it the procedure of choice, and 
I am inclined to think that some of my failures might for the same 
reason have been successes had the larger operation been done. Stiles’ 
operation, however, is designed for relieving the first thoracic root from 
the pressure of а normal first thoracic rib. In such cases one would 
expect that the plexus would tend to be to some extent postfixed, 
and the cases would fall into a class approximating to that whith is 
characterized by a rudimentary first thoracic rib with a frankly 
postfixed plexus. 


TREATMENT, 


All the symptoms which may be caused by a cervical rib are capable of 
relief or cure. It must not be forgotten that these are common anomalies, 
and just as cervical ribs frequently exist without causing any symptoms 


_ whatever, so also they are likely to be found in patients presenting 


similar symptoms due to some totally different cause. Such indeed is 
the case, and unless the greatest care i exercised there is considerable 
risk that futile operations may be performed on patients with syringo- 
myelia, progressive muscular atrophy, toxic neuritis, and other condi- 
tions wholly unconnected with the co-existent cervical rib. On the 
other hand there is perhaps even more risk that patients whose 
symptoms are due to such а costal anomaly : may be denied the prospect 
of relief on account of failure to recognize the fact.that “ neuritis,” 
** brachial neuralgia,” and certain occupational disabilities are so often 
directly dependent upon rib-pressure. In cases of real doubt it is 
certainly legitimate to afford the chance of relief -offered by an opera- 
tion: which, gently and carefully performed, is almost entirely free from 
risk. 

. Operation is not called for in all cases. In some a change of 
occupation is sufficient; in others а greater use of the other arm to 
relieve the affected side. The wearing of а sling is often ‘beneficigl. 
Yet again, the development of the muscles which support the shoulders 
by massage, muscle-training, and other means is a useful line of treat- 
ment. Patients however who are obliged to continue following certain — 
occupations, and who cannot give up the time necessary ‘for muscle 
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ining should be submitted to Spansion b Other /forms of treatment, 
such, as those mentioned, may be required in addition. 

The détails of: the surgical’ operation nfed not be given here. 
Suffice it to.say that its object: is ‘not tperely to remove,an abnormal 
bone, but to divide or excise any non-bony. fibrous structure against 
which’ the nerves .are being damaged. In one case, for example, a 
clean subperiosteal resection had no effect upon. the уар; 
subsequent resection of the periosteum gave complete relief. 

: Gentleness of manipulation, clean dissection, and а bloodless 
operative field are essential, as well as an accurate knowledge of the 
anatomical relations of the parts concerned. The importance of the 
last-named point is well brought out by Coote [4] in the somewhat 
quaint account òf the first recórded case«of an operation for.cervical rib 
which I have been able to find. — : 


Resors OF OPERATION. 


.In my series thers has been no fatality, and in no instance has any 
wound infection occurred. In only two instances did any ill-effect 
follow ‘the operation. In one.a severe organic monoplegia developed, 
. which only cleared up after many. months. In'another а hysterical 
paralysis occurred, for which treatment was refused, arid the patient 
was lost sight of. А 

Тһе results are‘ most fairly presented in the brief notes to begfound 
in the tables, for each of the niost prominent group of symptoms 
deserves “separate notice. These tables were prepared ‘before the War, 
and it has been interesting to note that, in reviewing the uec after а 

" further long period, some which were previously entered ав “ relieved ” 
have had to.be transferred to the “cured? colamn, whilst others, 
where Tolpe bas occurred,.have had to be transferred to the group 
marked “ relieved.” " 


ae 
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, AS regards pain, twenty-seven patients have been followed for & 
` sufficiently - long period to judge of the result; nineteen of them are 
cured and the rest very considerably relieved. Where pain is the 
predominant symptom it may safely be predicted that the result of 
operation will be gratifying, and that the relict of pain will usually be 
immediate and, permanent. 
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-... .  AESULT oF OPERATION AS REGARDS. PAIN. 
T TIED. . Cured. ” - E 
' Case. 2.— Female, © aged 88, hóüSekeopor. 2 History five years. Goisiant 


i. along ulnar side of whole arm and shoulder. After eight’ months, pain 
` only in opposite arm. After seven years, " pain gone but fingers'drawn."' 


Саза 5.— Feinale, aged 51, housework. History three years. Pain in right 
shoulder and occasional neuralgic pain along ulnar border of forearm and hand; 
also wasting and vasomotor symptoms. Immediate relief*of pain. Ten months 
later no pain, but still some weakness. Seven years later, remains free from 
pain ;.“ constantly using my hands from 7 a.m. to 9 p.m." 


Case 7.—Female, aged 36, housework. History five months. Neuralgic 
pain: iv shoulder and inner side of arm, forearm and hand ; also weakness and 
wasting: Immediate relief of all pain. Remains well and at work six months 
later. Seven years later, " occasional pain in both arms.” 


Oase 8.—Femaléó, aged 50, housework. Deft side: History six months. 
Neuralgio pain in shoulder, inner side of arm, forearm and hand, increased by 
work; also weakness. Ten months later no pain. Oceupation unchanged. 
Right side : Symptoms exactly similar to those of left side. Immediate relief. 
After eight months, completely free from pain. After six years, right com- 
pletely free ; left free until two years ago, when occasional pain after unusual 
exertion. i ‘ 


Case 11.—-Female, aged 52, housework. History three years. Aching in 
shoulder and neuralgic pain in thumb. Immediate relief of pain. Remains 
free from pain after ten years. 


Oase 16.—Female, aged 22, clerk. Left We: History two years. Pain 
in shoulder, inner side of elbow and inner fingers. Immediate and complete 
relief of pain. Remains well five years later. No change of occupation, 
Right side: History four months. :Pain.in shoulder, inner side of forearm 
and wrist. Immediate relief of pain. Remains free five years later. 


Case 21.—Female, aged 25, housework: History two and a half years. 
Also vasomotor symptoms. Aching pain from shoulder to fingers—worst on 
inner side of forearm. Immediate and complete relief of pain. Lost sight of. 


‘Case 24.—Female, aged 38, cook. History three years. Aching pain in 
shoulder and arm, also wasting. Immediate relief of pain. Remained well 
and at work nine months later. Lost sight of. ` 


Case 27.—Male,. aged 19, school.. ee а months; also wasting. 
Aching pain in ulnar border of forearm and hand. Immediate ial of pain. 
Remained well pect months later. i: ; 


Case 80. — Female, aged 30, barmaid. History Seven years. Pain in elbow 
and hand; also vasomotor symptoms and weakness. Immediate relief of pain 


+ 
p] 


LEES{ONS OF THE BRACHIAL PLEXUS 113 
: Six’ months. later ашышы twinges. Six years latar, “pain entirely 
- goné.” 
Case 81. omale, aged 15. History one month. Pain'in shoulder and 
outér border of arm and forearm; also weakness. Immédiate relief of pain. 
` Remains well six years later. . 


Case 34.—Female, aged 49, secretary. History six weeks. Aching along 
ulnar border of arm; also wasting and vasomotor symptoms. Immediate 
relief of pain. Free from pain Seven years later. 


Case 37. —Female, aged 27, needlework. History two years. Aching pain 
in shoulder and arm; also vasomotor symptoms. Immediate relief of pain. 
Remains well Sever? years later. Мо change of occupation. 


Case 38.—Female, aged 98, cook. History four years. Pain in shoulder 
and hand, also weakness; immediate relief of pain. Remains well three 
' months later. Lost sight of. 


Case 40.—Female, aged 42. Hity six years. Aching in shoulder and 
arm, also vasomotor symptoms and wasting; immediate relief. Still com- 
pletely free from pain six years later. “Life worth living.” 

Сазе 49.— Male, aged 45, medical practitioner. History eight years. Very 
severe neuralgic pain in shoulder and.arm generally, but chiefly along middle 
of forearm and outer border of "hand. Immediate and complete relief of pain. 
Remains well and in full work eight years later. " Never' ‘any pain since I 

"recovered from the anssthetic. The operation altered my whole life." 


i . 'Qase 48 .—PFemale, aged 84, housework. History one month. Pain inarm 
generally ; also wasting. Immediate relief of pain. Seven years later, “ opera- 
„tion completely successful.” : 


Case 46.—Female, aged 53, housework: History seven months. Pain in 
right. arm. Immediate relief of pain. Remains well eight years later. 

Ohse-49 .—Female, aged 18, cook. ‘History two and à half years. Neuralgic 
pain in outer side of arm and hand. Immediate relief of pain. Remained well 
three months. Recurrence. Second operation for excision of soar tissue in 
track of previous subperiosteal resection. Complete relief, and remained, well 
two years later.. Subsequently lost sight of. 


` Relieved. — 


Case 12,—¥emale, aged 49, housework. History ten years. Aching pain 
in thumb; more recehtly pain in shoulder and arm, also wasting. Two months 
later pain gone. Hight years later reports herself much better. 


Gase 18. — Female, aged. 38, letter-sorter. Right side: History fourteen 
yeare. Diffuse pain in arm, also weakness. Immediate relief of pain. Four 
months later free from pain. Three years later only has pain occasionally. 
Nine years after operation writes: “ Pain nearly gone; I only get attacks. I 
am ‘getting back all the power and “strength again, and that after fourteen 

- years of intense suffering and: nearly lost the use of:my arms and hands." 
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Left side: Condition ‘similar. ` Nine "months" jater cos some I к 
months later has pain occasionally, ` d E 
‘Case 15. — Male, aged 42, painter.' Hi istory-six years. "Painin neok; ‘outer : 
\side of arm dnd back and outer sido ‘of forearm ; ‘also weakness. Immediate’ · 
relief of pain. Two: years: later feels. нош, pain after dey 8 work.. Subsequently 


lost sight of. . ! E 


Case. 22.7-Female, aged 49, housework. ‘History five-years. ‘Pain in bos 
and’ fingers ; also weakness. Complete relief of pain. Patient lost sight of. , 


Case 98. _Бөша/о, aged 24, school teacher. History s віх months.. .Раіп іп 7 
arms, and neck, also‘ wasting. Pain relieved at once. Eleven years later 
sometimes в deal of pain at times.” 1 


Сазе 46. —Forale, aged 50, housework., History 4 years. Diffuse | pain in’ i 
arm; also vasomotor symptoms and wasting. “Eighteen months later very 
much better, but exertion brings on pain occasionally, 2m 


n 


Кү Case 36: — Female, aged 58, nurse. Left side: History но years. Pain 


in arm, ‘chiefly outer border and flexor surface. Three years later, much 
improved but gels pain after exertion. Ten years after operation "pain only , 


after excessive work.” . Right sidé : Condition exactly similar. 


za Case 48.—Fémale, aged 19, clerk. History twelve months. Aching pain , 


from ‘elbow’ to: wrist; also weakness. Immediate relief of pain.- Highteen , 
months. later, occasionally кен. pain in cold weather: Subsequently lost : 
sight T | ve Н К РЕ E E 
: "VASOMOTOR., SYMPTOMS: E 4 i 
In many. cases the relief of the parestiosia and other. symptoms 
which I have grouped as “ vasomotor” is'immediate. Others how- 
ever evidently require,a considerable time, amounting to many months. 


`.ог even years, before recovery is complete: or even. approachesscom-' 


as “ remaining much the same as before,” ' but. seven. years later the '. 


pleteness. Thus Case 6 was noted, sixteen months after operaíion,: 


report is “ no trouble of any kind: for some years.” 


sa ae ` Cured. 


ry D \ i А 
, ‘RESULT OF КОЛЛ ОРОМ THER. VASOMOTOR SYMPTOMS: 
Namely—Objective (swelling, ‘coldness, blueness). 
Subjective (acroparesthesia). . 
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Case 1.—Female, aged 18, school. History twelve months, Almost pure 


vasomotor case. In six "months. little result ; in eighteen баша "e i 


“ No trouble of any kind.” З 
Case 8.—Male, aged 27, stoker. History six months. Almost pure, 


f vasomotor case. Much. immediate improvement—practically , well in sixteen’ с 
i months., . No change of occupation. Bight years later— While in France " 
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ndi соя bad conditio I felt it several times buf never bud T fò go 
sick with. Sines my’ return I have not had the slightest frouble.” 


Case 4.—fFemale, aged 18, domestic servant. fistory three years. Also 
| weakness,’ "but symptoms chiefly vasomotpr. Better immediately ; still 
i improving “six months later ; practically „well in twelve months. No change 
, of ‘occupation. 


` Case 5.—Female, aged 51, аа History three years. :А!8во wasting. 
Better and still improving ten months later. "Eight years after” operation, 
no ‘vasomotor symptoms. ` 


_ Case 6.—Female, aged 50, housework. History eight months. Remains 
much as before sixteen months later. Hight years after operation, ‘по trouble 
of any kind for some years.”’ fA a 

“Case 10. —-Female, aged 26, dressmaker. History eighteen months. Also 
wasting./ Subjective sensory phenomena, , disappeared at once. No change of 
occupation. ·'Теп years after operation, "no symptoms whatever.” - 


Oase 11. Female, aged 52, housework. Históry three years. Almost pure 
vasomotor case. Relieved immediately ; almost well in a month; after fourteen 
months had been perfectly well for some months; after three years remains 
perfectly well. No-change of occupation. Ten years after operation, "just 

Г“ occasionally a little оѓ the old feeling of numbness and pins and ee in 1 the 


` 


| hand: which occurs at night after doing more work than usual" 

Case 14~—Female, aged 30, nurse. History five years. Also pain. 
i Relieved immediately -and still improving four months later. Eight years 
' after operation, quite well. 

Case 21. — Female, aged 25, no бйрйн, History two and a half years. 
Almost pure vasomotor case. Immediate relief. Patient lost sight of after 
two months. 

Case 37.—Female, aged 27,:fur sewer. History eight months. Also pain. 
Immediate -disappearance .of vasomotor ‘phenomena ; remains well eighteen 
months later. No change of occupation. Hight years after operation, " I have 
had no farther trouble with my arm." 


' Case '88.— Female, aged 88, Sod. History four years. Also wasting and 
weakness. ‘, Immediate relief of vasomotor symptoms. Three months ‘later, 
` "use of hand quite restored.” 
, Oase 39.—Female, aged 41, telegraphist. History two years. Neit pure 
vasomotor case. Some wasting. Immediate relief. Two months later, still 
ў improving. Fifteen months later, eured for some months and remains so. 
Qase 40.— Female aged 42. History six years. Also wasting. Vasomotor 
symptoms gone in& week. At work and remains cured six years later. 
Case ‘42.—Male, aged 45, M.D. History eight years. Also pain and 
weakness. Immediate and complete relief or all тоа, ‘Remains well 
and in full work ten-years later. ^ 
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Y Relieved. ` А | 
Case 18. —Female aged 31, needlework. History eighteen months. Also 
pain and some wasting. fmmiediate relief. . Two years later still improving, 
but symptoms recur in modified form after exertion. “Hend sometimes feels 
hot and tingling at night after exertion. Feels the cold greatly.” 


базе 25.—Fomale, aged 53, lady's maid. History ten years. Chiefly 


vasomotor case; but also "weakness and wasting. ‘Immediate relief; resumed 
work; very much better but not quite well three and a half years later. 
Ten years after operation, “left arm and hand painful when I have been doing 
too much. Otherwise I do not feel anything of it.” 


, Case 26.—Female, aged 50, housework. History four years. Also, and 
chiefly, pain and weakness. Vasomotor symptoms improved at once; still 
improving after six months; in two years -still better but not quite well. 
Heavy work brings on pain. 


Case 80.—Female, aged 30, barmaid. History seven years. Ohiefly vaso- 


motor; also weakness and wasting. Improved at once; six months later 


better still and at work. Seven years’after operation, "pain entirely gone, 


but in cold weather hand sometimes becomes useless.” ; 


Сазе 34.—Female, aged 49, secretary. History three months. Also pain 
and wasting. Vasomotor symptoms disappeared at once. Seven years later, 
“old quickly stiffens the fingers.” - 


Case 50.—Female, aged 49, housework. History twelve years. Chiefly 


vasomotor case at first; later wasting. Immediate relief of vasomotor 


symptoms. Patient lost sight of. 
a ` _ Unrelyeved. _ 
Case 19.—Female, aged 42, housework. History eighteen years. Also 
wasting. No improvement in six months. Lost sight of. 


~ Case 41.—Female, aged 26, housework. "History ten months. Only slight 
vasomotor symptoms; chiefly, pain and wasting. No improvement in eight 
months. Lost sight of. 


MUSCULAR WASTING. 


During the Discussion- on Cervical Ribs at the Royal Society of 


Medicine, іп 1918, Thorburn stated that he had never been able to 
satisfy himself that;strophy- of the hand muscles was éver entirely 
cured. "This оріпібћ was based upon an experience of twenty cases, 
observed over periods varying from twelve months to fourteen years. 
This was an important statement which, coming from such a source, 
could not be lightly passed over, and I have therefore reviewed my own 
eases with particular regard to this point. In thirty-one out of fifty 
cases wasting of the hand muscles was a pronounced feature. Twelve 
may be regarded as completely recovered both as regards bulk of 
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muscle and'strength., In twelve CASES, ‘the рын was quite 
definite, but incómplete ; whilst, in only seven did any. improvement, 
at all fail. to appear.. .It:should be noted, howbver, that four of these 
' seven patients were lost sight of beforp.‘the -résult- could fairly be 
judged. As might be expected, the recovery of the ‘affected muscles 
takes, a long time, and doubtless this. is influenced by: ‘the treatment 
bestowed after operation. It is impossible to say what influence this 
factor may have had in my, cases. As may “be observed from the 
tabulated ‘results it is on the whole the .cases with the shortest 
апор which have done best as regards the muscular wasting. 


Д 7 


. ' Busurd" OF OPERATION ON THE WASTING OF MUSCLES.: 
Oured. Й 

Сазе 1- Female, aged -13, school. « History twelve ЕР General 
slight wasting.. -After six months no wasting to'he detected. After nen 
months " no troüble of any kind; appears completely cured.” . . 

Case. 6;—Female, aged 50, housework.- History. eight. months. An 
intrinsics wasted. In~ sixteen -months,. little - page, in, eight years Bang 
muscles quite filled out. 

' Case’ 8.—Female,- aged. 50, onanoi History six monílis. Slight 
wasting of all intrinsics. After ten months, muscles filling out. After eight 
‘years muscles quite normal. : Б 

Case 10. —Female, aged 26, деа, History twò years. Marked 


‘wasting of thenar muscles. After two years muscles improving; in another 


six months quite filled out. After seven years remains completely well. No 
change of occupation. 

Case' 18. —Female,’ aged 31, housework. ‘History eighteen nionths. Slight 
wasting of all intrinsics. After twelve months, “ muscles increasing ; hand 
“stronger.” After seven years remains much the same. 

Case 283.——Female, aged 24, school teacher. History six months. Wasting 


. of all ‘intrinsios., After four years: ‘museles much improved. Айе eleven 


years. musoles full bulk and power. t 


. - Case 25.—Female, aged 53, lady’s maid, _ History three months. Wasting 
chiefly of thenar muscles. - After two years." muscles i зы ^ after three 


» 


years "full bulk." After ten years remains well. 

Case 27.— Male, aged 12, school. History three months. Marked wasting 
of all intrinsics. After eighteen months, full use of hand. . 

‚базе 38.—Female, aged 41, housework. History seven months... All 
intrinsios wasted. After twelve months marked шшс! in bulk of 
musole. After eighteen Hon PX complete recovery.' Seven years later 
m entirely recovered.” - 

Сазе 88.— Female, aged 33, cook., History iy years. Some wasting of 


: all intrinsics. After two, months visible improvement. After twelve months, 
complete recover . > - 


la 
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Case 39: ‘Female, aged 41, telográphiat. History bys years. All intritsies 
wasted. ' After three years, cómplete recovery. ' m 
Оазе 40.—EFemale, ag8d 42. History five months. Wasting : chiefly 
thenar. After eight months “шора much ‘filled out. . _ After five years, 
completely recovered. : А 
. Вагова. д ' 
бай 9. вашае; aged 38; housekeeper. . History 5 years. All intrirsica, ^ 
but spécially „opponens and &bduetor.; Aftór six months, , nó SHADE. | After К 
seven: years, "pain gone but fingers drawn." . А 
Case 4. — Femále, aged 18, domestic ‘servant. History three years. Chisty 
d opponens ‘and abductor. After twelve months, much improvement. 
Oase 7.—Female, aged 36, housework. History four months. All intrinsiés 
but chiefly of thumb. | After five months, "uos improved. Seven ` years later , E 
. condition much the same. } 
. базе 11: ;—Female,' aged 49, housework. Históry Vuelve months.’ Wastitig yee 
of abductor pollicis. After five years, ' еуөї во much better.” After ten years, 
remains practically well. А "LA sg 
Oase 90. — Female, aged 27, nurse. “History . fifteen re Wasting of A 
Ml intrinsics, After two ' yeu muscles better; hand stronger. Not traced 
further, > H 
Case 24 —Female, aged 38, Ы History three years. е of all ; 
intrinsios: After nine months, very great improvement. Lost sight of, i | 
` Сазе 28. — Female, aged 50, housework. ‘History four years. ‚ Wasting of ; 
all intrinsics. After eight months, muscles filling out. Not traced further. 
| * Qase 29 Femail; aged 18, housework. "History two years. АЙ intrinsics -' 
wasted, ‘but- chiefiy thenar. After eighteen months, muscles fuller but still 
less-than left. After nine years, no symptoms, but no further recovery in bulk 
of muscle. , : . 
' Qase 80.— Female, aged 30, dedal. History seven years. Wasting of 
all intrinsies. After six months, practically no change. Seven - “years later; 
" pain entirely gone. .Streng&h of hand not completely restored." ` А 
; Case 44. —Femala, aged 52, needlework. History eighteen months. An 
intrinsics wasted. After three years, bulk of muscles much- improved. T 2 x 
. Case 47.—Male, aged 62, painter. History ‘two years. After two years’ уг 
slight improvemerit in bulk of muscles, | 
Case , 48. — Female, aged 19, domestic service. History twelve months, 
онш chiefiy thenar. Highteen months later, some аи 


Unreheved. 

бше: -5.— Ferale, aged ` 51, housework. ‘History three years. Ohibfiy- 1 

opponens and abductor. After nine months, stronger but muscles have "nob^ ^ 

` filled out. Seven years later, " condition much the same.’ 

Case 17.—Female, aged 38, housework. History three years. Told 
wasting .of. thenar eminence ; slight of other ‘intrinsics. After’ віх months. 

‘I fanoy my hand ‘is improved, but it is very alight.” After seven years. ' 

remains much the same.. l Ө МЛ, 


\ 
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E 19. ) femalo, ed 48, ТРЕТ ey ‘five months. Wasting 
of thenar, muscles. " Айты Bix inonth&, no improvement. Lost sight of. 
Case -$4.—-Female, heed 42, Secretary. . History six weeks. АП intrinsics 
waisted, ‘but chiefly thenar. After soyen years, no improvement but no worse. 
‘Oase 41.—Female, aded 26, housework. History ten months. All 
intrinsi¢s wasted. “After eight inotithis, ' ùo improvement. ‘Lost sight of. 
Case 45. — Female, aged 59, married. : ‘History eight years. -All intrinsies 


wasted. After two months, то 'ehange. ‘Lost sight of. 


, Case 50.—Femalé, aged 49, housework. History . twelve years. All 
intrinsics greatly жане, In thenar muscles no response to faradism. Not 
traced. 

SUMMARY. 

d) Variations, in the composition of the brachial plexus are apt 
to be associated with costal abnormalities, prefixation with a seventh 
cervical rib and postfixation with an abnormal first thoracic rib. 
There is, however, no regular relationship between the costal and 
neural anomalies. 

(2) Of the several different types of cervical rib met with clinically, 
that which most frequently requires treatment by operation is repre- 


sented by an abnormally large ndh-jointed costal process, continued 


onwards as в dense fibrous band, to be attached to the first thoracic rib 
behind the sulcus nervi brachialis (sulcus subclavie). 
(8) Symptoms of ‘gradual onset result from continual slight trau- 


' matism to the eighth cervical root or lowest cord of the plexus, caused 


‘by the tightening of the band during respiration and in certain move- 


3 .ments of the arm. 


(4) With a postfixed plexus gymptoms referable to the first thoracic 


foot may be caused by the pressure of a normal first thoracic rib. 


(5) “ Vascular symptoms” are vasomotor in origin and result from 
injury to the sympathetic fibres, shortly after their entrance into the 
eighth cervical and first thoracic roots. ; 

The subclavian artery, whilst often occupying an abnormally high 


:,’ position in the neck, nevertheless rarely lies upon а bony cervical rib. 


It may be just held off from the first thoracic rib by the fibrous band. 

(6) Тһе’ results of Operative treatment in fifty cases are given, the 
inajority having been traced for а period of from two to twelve years. 

„ Pain was cured in nineteen cases, and relieved in eight. 

* Muscular wasting was cured in twelve cases, relieved in twelve, and 
unrelieved in seven. г : 

Vasomotor s symptoms were cured ih fourteen cases, relieved in six, 


and unrelieved in two. 
r 
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221.17 „EXPLANATION OF THE DIAGRAMg. 
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The diagrams hste. been constructed from rough sketches made at the time of operation. 
Those parte.of the drawings whifh represent the abnormal ribs were made from the actual 
"specimens removed, their relations to the other parts being shown in a di Ыс 
manner. The dissections of а normal plexus (1) and of a plexus associated with a rudimen- 
tary thoracic rib (XVI) have beon reduced to the same semi-diagrammatio form for the sake 
of comparison. The relative size of the nerve trunks as indicated in the diagrams must be 


taken as only approximately correct. A contribution from T1 is represented in all cases 
except those in which it seamed quite certainly absent. ` 


ү 





Fic. 4.—From & dissection of & normal plexus, showing the very small costal process of 
* OT vertebra, and the rélation of the nerves with it and T1 rib. 
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Fra. b ів ап example of Type 1, which radiographically was deemed to have no cervical 
rib. The report was ‘‘ well marked transverse processes.” This patient remains well 
eleven years after the bilateral operation. 
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Fia. 6 repregente & similar rib to those shown in fig. 8, but the rib is longer and was 
: more pointed forwards, so that thé band was more prominent. ‚Тыв реше} remains well 


ten years after operation; ^ 
Fra. 7 is an example of Type 1, and may be be taken as ш. what in my experience 
| is the commonest type which causes symptoms. . 





Fras. 8 and 9 are examples of Type 2. ‘The ribs are well formed at their proximal part, and 
+. the joints are perfect, but almost the whole body is represented by non-cesified tissue. 
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Pc И ; 
Fras. 10. arid n are examples of Type 2 merging ‘into’ Type 8. The ted sharp edged bone . , 


whioh ‚звераймев 07 апа C8 in fig. 10 is represented by a more rounded ridge in ‘fig. T1. 


©. 





ч 
Fro. 181 ія ‘an example of туре 8, where the ribi is lod ршн to carry O8 upon its 
‘bony portion. a 
. Fre. 13: belongs: to Type Band approximates-to, Type 4. -4 
a . cub ' © 
к П ' \ А 
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Fra. 14 from a specimen іп the Museum of the -Royal College of et ial (No. 505) 
showing а rib intermediate in character between Types 8 and 4., , 


‚ Fra. 15 is an instance of Type 4, there being a jolnt between the enlarged end of the 
cervical rib and an irregular mass of bone on the upper surface of T1 rib. 





: Fia. 16 is the only instance of Type 5 in my series. . 


Fra. 17 is constructed from a dissected post-mortem specimen shown to moe by 
3 К) Prof. Wood Jones (10) and reported by him. ` 
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Fro. pm a unique ' арбайтып which does nof conform to any of the Types- 
. described. (See text.) 
A И + 
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ON STRUCTURAL LAWS’ IN THE NERVOUS ‘SYSTEM: 
THE PRINCIPLES OE NEUROBIOTAXIS.! 
BY Сб. ©. ARIENS KAPPERS., 
' Ámsterdam. 
' Tue factors that determine the structures in the nervous &ystem, 
the form of the neurones, their position and connections, have puzzled 
the minds of many neurologists.: 


"This matter was first considered more thoroughly by embryologists, - 


who, however, were chiefly interested in the problem of the connections 
between the central nervous system. ene the a organs, the 
formation of nerve-roots. 

One of ‘those was Hensen, who “КЕ, “that all nerves -id by 
ап insufficient separation in the primary connections between ganglion cells 
and their peripheral organs during evolution." Hensen was thus а forerunner 
of the conception that a real separation of the cellular constituents of the 
body never ocours, but that its elements remain connected with -each other. 


- A. gimilar conception of syndesmism was defended in England by Sedgwick, 


“who-stated that‘ Nerves are developments of the reticulum, ‘elongated strands 


of the pale substance composing this reticulum, with some of theix nuclei.” 
-I shall come. back later to this conception, which, although i$ may. contain 

a true principle, can, never explain the peculiar selectivity -in -the neuronal 

connections.. р -' 

An opposite opinion was held by Balfour and. His, who- showed PR the 
cofinections of the nerves with their end-organs were secondarily aequired. 

Of these two leading embryologists, His was generally inclined to regard 
mechanical factors as the most important i in the embryonio evolution, and he 
“practically, saw in the growth and arrangement of the, nervous elements a 
тыу mechanical problem. 

=- He attempted to:solve this problem by assuming that the direction of the 


nervous offshoots was determined by the places or paths of least resistance. 


" The Belgian histologist Dustin? has pointed out ‘that by such preformed 
forepaths we: are able to understand why the regeneration after cutting a 
‘peripheral nerve runs во smoothly, guided by the degenerated nerve-sheaths 
"ofe the peripheral stump ; whereas in the central nervous system, which does 
not exhibit: any. sheaths of Schwann, regenerating nerve-fibres: rarely reach 


` 1 A lecture read in the University of London. 
7 4.72 Who termed this the hodogenetic principle. 


^ 
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their fanotional end- point, and thus iis T mostly without result, 
Although this: may be true, the presence of eventual for 


of the problem. 


. If it be assumed that only | © et tendenoy for indie ", ївһооів' is ^ 
prosént in the ganglion-cell, and that the dsrection in which thé offshoots shall 
‘go. only depends upon previously’ existing paths in the surrounding tis&üe, ' 
then this, question remains, namely, by -what infiuence is such a typical’ em 


arrangement ‘of the surrounding tissue, established, вр that just и functsonally 
correct nervous connections result from 162 


Especially the exquisite functional character of ‘the songane in the ·. 


central nervous system, where such conducting ` sheath-cells do not .оссиг, 
remains entirely unexplained by this theory. 

. Another embryologist, Held, ‘proceeds from the correct assumption, already: 
formed by ,Hensen. and Sedgwick, that the nerve-cells are ab origine 
connected by intracellular bridges, plasmodesms, previous to the formation. of 


fibrils. Held was actually able to demonstrate that later-on the. fibrils (the. 


nerve- -tracta) grow into such plasmodesms. Held himself, however, i 18 perfectly 
convinced of the fact, that thé ‘general presence, the ubiquity, of these plasmo- 
desms бап never explain the selection in ‘the formation of the fibrils. It oan 
‚ never. explain why nerve ‘fibrils grow in some plasmodesms and not in others. 
He believes that the topography of the cells ([84], р: 47) and the direction 
of their axés ({34],.- р. 68) may act & part, but Held /himself does ‘not believe 
that’ these factors are sufficient to explain the typical selection. in the forma- 


epaths is not sufficient ` 
to. explain the formation оф nerve-fibres and besides only ees the solution , 


КС 


tion'of nervous tracts and says ([34] , р. ато) that the determining principle has, 


as yet, escaped our scientific research. 
A similar remark is made by Harrison, to whom .we owe those valuable 


researches on the outgrowth of nerve-fibres in cultures, and who stated himeelf 


that there is nothing in this work which throws any light upon the process 


by which the final connection of a nerve-fibre is established.” ? That it must 


be & sort of specific reaction between each kind of nerve- -fibre and its paT- ў 


ticular end-point i is’ clear, according to Harrison. 


‘The. first who. supposed a, tropistic influence to T В part: in these’ 


structures and who also. accepted 4 reciprocal tropistic influence of the 
central nervous elements ‘on each other was Cajal: The work: accom- 
plished by this: author i is extremely’ valuable. 


Though—as is admitted by Cajal, himself—it copld not solve the 


problem; my respect for this excellent Spanish neurologist does not 
allow me to proceed without mentioning his theory. 


Cajal. believes that the connections of the nervous elements is адо. 
mined; by the secretion of attracting and repulsing substances and by: 


` the sensibility to these substances:in the ganglion-cells. , 
` Concerning the Secretion of these chemotactic substances, which, 


by* 2 А ё 
wa 
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according. to Cajal, [nay also be secreted'by the ependyma cells,! this 
writer assumes that’ different parts of the central nervous system 
enter this stage of secretion at ‘different périods of their embryonice 
development. - e 

Cajal says that the dass of atéraction coincides with the evolution 
‘of the cell. This, however, is apparently a displacement of the difficulty, 
for Cajal does not make any statement as to which factors determine 
the evolution of the ols and Consequently of the secretion of those 
substances. 

Thus he does not give an explanation concerning the cause of the 
local and temporary .selectivity in this chemical process nor of the 
factors that determine the different nature of the axons and dendrites 
(the so-called dynamic polarization of the newron). 

Cajal himself remarks in his work on the retina: “ Cette théorie pré- 
suppose des conditions préalables chimiques et’ morphologiques tout 
à fait inexplicables : on peut dire que cette théorie éloigne la difficulté 

sans cependant parvenir à la résoudre ” ° ([67], p. 240). 
' More important than Cajal’s chemotactic theory is в remark by ` 
this author concerning the shifting of nerve-cells in the embryonic 
development of the nervous system, of greater importance even than 


. he himself has realized. 


This remark (not known to me sn I commenced my researches 
on this question) is in perfect harmony with my own observations, 
and I am the more glad to be able to confirm Cajal’s observations as 
to this point, since I arrived at a similar result in an entirely different 
way, namely, not by embryonic, but by comparative phylogenetic 
studies. 

‘The remark then made by Cajal runs as followed “Tf during 
embryonic development new- axons pass to some region of the central 
‘ nervous system, ganglion-cells may approach these axons in two 

different ways, either by sending forth long dendrites, or by a migration 
of the cell-body itself " ([69], p. 560). 

Cajal mentions, as examples of a shifting of cells, the superficial 

‘layer of granular nerve-cells which in an early period of development 


« ! Although I am not inclined to attribute an extensive part in this to the central spongio- 
. blasts it is a faot that different non-nervous elements (lemnoblasts, muscular cells, epithelium 
and even cicatrices of the connective tissue) are able in certain stages of their development 
to direct the offshoots of nervous elements, 


a 7 Child also ([17], p. 170) has recently oriticized the chemotactic theory, and appears, 
like myself, to be an adherent of the bio-electric theory (see at the end of this paper). 
BRAIN.— VOL, ILIY. . І 9 
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cover the surface of the cerebellum and which е on shift into the 
depth of the cerebellum, — ' 
He also mentions ihe cells of the spinal ganglia which originally 
*lie next to the neural tube, but.later on shift а short distance peri- 
pherally away from the spinal éord. : 
Comparative researches on thë oblongata and the mesencephalon 
have convinced me that this shifting of nerve-cells is a very common 
appearance, and that these shiftings of nerve-cells are determined by 
a process of taxis or tropism that is caused by the stimulation of such 
cells and their bio-electric consequences, which determine also the 
selectivity in the neuronal connections, and the difference between the 
dendrites and axons, the so-called dynamic polarization of the neuron. 











Nuoleus VI. = 


| 


Fra. 1, A. —Dorsal position of the abducens nucleus in a shark (Acanthias) in which 
the dorsal longitudinal bundle 18 very large. After Van der Horst. 


In what manner these processes can be engrammatically reproduced 
under embryologic conditions cannot for the present be stated. The 
same applies to the entire ontogeny however. Also the formation of 
the extremities for walking and grasping can only be explained by 
engrammatic factors, the character of which escapes us up to now. 
It may be that the electric potentials arising during evolution (Child) 
and whose sequence may be determined by engrammatic factors act a 
part in this process. ; 
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During the ра twelve years I have registered. the topographic 
differences of hómojogous cell-groups in the central nervous system of 
vertebrates where such differences appear most clearly in the nuclei of 
‘the motor roots of the oblongata (cf. Black and v. d. Horst), but alse 
‘in many cells of the- spinal cord, the mid- and forebrain (Herrick, 
Elliot Smith, Dart). .. EL 





Fia. 1, B.— Ventral position of the VIth nuoleus ina bony fish (Mugil chelo) with small 
dorsal longitudinal bundle and large ventral reflex tract (tr. t.b. V.). After Van der Horst. 


: Ав it is clear that the topography of these cell-groups is determined 
‘by the places from which the largest number of excitations reach the 
cells, we have plainly to do with an appearance of taxis or tropism, 
which I have termed neurobiotazts, since it occurs in the nervous system 
during life. : 

For в better insight into this process of neurobiotaxis let us consider 
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and the vestibular фпітев on account of the fact that visual impressions 
and vestibular impressions very often reach the brain simultaneously. 

Thus, associated stimulation was found t@ be the determining factor 
in the neurotropic appearances, and I was able to formulate the facts in 
the following words :— i 

(1) If several stimulative charges occur in the nervous system, the 
outgrowing of the chief dendrites and eventually the shifting of cells 
takes place in that direction whence the largest number of stimulations 
goes to the cell. j 

(2) This outgrowing or shifting, however, only takes place between 
stimulatively correlated tentres ; temporarily correlated excitation acts 
a part also in the connections of the axons. 


Fig. 2 shows that the outgrowth of the dendrites and the final shifting of the cell 
body itself takes place in a stimulo- 


is stimulo-conourrent, 


petal direction, whereas the course of the axis-oylinder 





Fia. 2, 4.—Giant dendrites grow out in the direction of the centre from whioh the stimuli 
proceed (sti. cent.). 





Tha. 2, 5.— The cell body itself (perikaryon) has shifted in the direction ot the stimula- 
tion centre. The dendrites have shortened, the axis-oylinder has correspondingly enlarged. 


Comparative anatomy -of the fibre-tracts in the central nervous 
system gives plenty of evidence that this is always a leading prin- 
ciple in the formation of tracts. Now, however, the question arises: 
if associated excitation causes the formation of dendrites and the shift- 
Ing of ganglion-cells as well as the formation of axons, how may we 
then explain the different character of the dendrites and the axon, the 
_ so-called dynamic polarization of the neuron? ` 
‚ Whereas the approaching of the dendrites and nerve-cells towards 
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the centre of excitation is а stimulo-petal-tropism, that ів; а tropism 
that- runs :о the -centre of stimulation, the problem with the axon is 
much more difficult since thé- axon apparently does not grow ‘out- 
towards the excitation centre, but in she same direction as the nervous 
current -that irradiates from this centre, and consequently grows away 
from the excitation centre (fig.-2). 

| . ' 


4 


К Aokivated neuroblasts. e | 








Course of the irradiation current, 


Primary activating bundle of (unmedullated) axis-oylinders.. .. 


Ee s DES 


А | 

Bie. 8.— The activation of adjacent neuroblasts by a non-myelinated growing bundle. of 
nerve-fibres, Тһе vertioal arrow indicates the direction of the growth and the stimulation 
current in the primary activating bundle which has started af A. The horizontal arrow 
indicates the tion of the irradiating influence, perpendicular to the primary bundle. 
The proximal cells are sooner and consequently farther Aifferentiated than the distal'oells. 
After Bok (slightly modifled). : ' 


That the axon actually does grow out in the same direction as the» 
excitation current, and that this current plays an important part at itse 
formation, has been proved by my former scholar, Bok (1915). _ . 

Bok found that when a bundle of unmedullated nerve-fibres grows 
out and passes neuroblasts on its way, these neuroblasts become activated 
by that bundle and send forth an axon in-a direction perpendicular to * 
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-and the vestibular фпітев on account of the fact that visual impressions 
and vestibular impressions very often reach the brain simultaneously. 

Thus, associated stimulation was found td be the determining factor 
in the neurotropic appearances, and I was able to formulate the facts in 
the following words :— ‚ ri 

(1) If several stimulative charges occur in the nervous system, the 
outgrowing of the chief dendrites and eventually the shifting of cells 
takes place in that direction whence the largest- number of stimulations 
goes to the cell. : | 

(2) This outgrowing or shifting, however, only takes place between 
‘stimulatively correlated tentres ; temporarily correlated excitation acts 


a part also in the connections of the axons. 


Fra. 2 shows that the outgrowth of the dendrites and the final shifting of the cell 
body itself takes place in a stimulo-petal direction, whereas the course of the axis-cylinder 
is stimulo-conourrent, . 


| 


Fia. 2, .—Giant dendrites grow oub in the direction of the centre from which the stimuli 
( proceed (sti. cent.}. 









Fig. 2, 5.—The cell body itself (perikaryon) has shifted in the direction of the stimula- 
tion centre. The dendrites have shortened, the axls-oylinder has correspondingly enlarged. 


Comparative anatomy of the fibre-tracts in the central nervous 
system gives plenty of evidence that this is always a leading prin- 
ciple in the formation of tracts. Now, however, the question arises: 
if associated excitation causes the formation of dendrites and the shift- 
ing of ganglion-cells as well as the formation of axons, how may we 
then explain the different character of the dendrites and the axon, the 
so-called dynamic polarization of the neuron? ` 

| Whereas the approaching of the dendrites and nerve-cells towards 
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the centre of excitation ів a-stimulo-petal.tropism, that ів; a- tropism 
that- runs ‘to the centre of stimulation, the problem with the axon is 
much more difficult sincé the ахоп apparently. does not..grow out: 
towards the excitation centre, but in she same direction as the nervous. 
current -that irradiates from this centre, and consequently grows away 
from the excitation centre (fig. 2. 


М 


Activated neuroblasts. ` w | 








Primary activating bundle of (unmedullated) axis-cylinders.i 


Course of the irradiation ourrent. 


bi 


A. 


Tha. 3. —The activation of adjacent neuroblasts by & non-myelinated gro wing bundle of 


nerve-fibres, The vertical arrow indicates the direction of the growth ат i the Silesia ton 
eurrent in the primary activating bundle which has started at; A. The horizontal arrow 
indicates the direction of the irradiating influence, perpendicular to the primary bundle. 
The proximal cella are sooner and consequently further differentiated than the distal'oellg. 
After Bok (slightly modified). 


That -the axon actually does grow out in the same direction as thee 
excitation current, and that this current plays an important part at its: 
formation, has been proved by my former scholar, Bok (1915). 

Bok found that when a bundle of unmedullated nerve-fibres grows 
out and passes neuroblasts on its way, these neuroblasts become activated 


by that bundle and send forth an axon in a direction perpendicular to. ` 
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ihe activating bundle, apparently growing in the same direction as is 


taken by the current that irradiates sideways from the growing bundle 


(see fig. 3). 

This fact was established in а manner that does not admit of any 
doubt, since it was found that the neuroblasts lying in the region of the 
growing bundle were only activated if the activating bundle reached 
their level, apparently by stimuli irradiating therefrom. 
~ Thus here, too, we find a process that; like the outgrowth of the 


' dendrites and the PE of the cells, is determined by & nervous 


current. 

At the same time, е, we perceive that the axon (in contrast to 
the dendrites and the shifting of the cell RA grows away from the 
region of stimulation. 

Whereas the growth of the dendrites is a шшер tropism, the 
growth of the axon bears а stumulo-fugal, or better, a stimulo-concurrent 
character. CR e 

Неге I may call attention to the fact that both the neuroblasts and 
placode cells, as long as they have not developed dendrites, may shift 
with the nervous current, away from the excitation centre, contrary 
to that which occurs later with the ripe ganglion-cells. 

It is clear, however, that the functional connection of the outgrowing 
axon cannot be determined by this process of irradiation alone, as was 
realized by Bok, who came to the conclusion that its final connection, 
its end-point, is determined by the chief law of neuro-biotaxis, namely, 
by a stimulative relationship between the place where the axon starts 
and the region in which it will end. 


I shall return to this question of selectivity in the axonal endings at 


the end of my lecture. The stimulo-concurrent character of the axon 
and the stimulo-petal character of the dendrites and ripe ganglion-cells 
once being established, it puzzled me to find out the physico-chemical 
causes of these facts. 

In the first place it may be asked how it is possible that in one and 
the same cell two opposed tropisms, a stimulo-petal tropism of the 
dendrites and a stimulo-fugal tropism of the axon, can occur? 

- Considering this question I felt inclined to believe that bio-electric 
influences, & Кареев of сеты -tropism, exercised a leading influence 
here. . зо”; i 

I thought 80, firstly on T of the electric phenomena well 
known in nerve physiology, secondly on account of the opposite 
polarized character of dendrites and axons, and at last on account of 
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Tire. 4.—After Van Gehuchten. Notice the perpendioular course of the collaterals (col.) 
on the axis oylinders (prot. cyl.) of the mitral cells, x 
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the fact that collatera of axons very often run (at the beginning) 
exactly perpendicular to the mother axon, as for instance is seen in the 
drawings given by our too early deceased colléague, Van Gehuchten. 
Fig. 4 shows that collaterals grow perpengicularly from the axon, just 
as the axons of the young neuroblasts rn perpendicular to the activating 
bundle. І | 

A similar process, reminding us forcibly of bio-electric fields, is 
demonstrated by the perpendicular position of the dendrites of the 
Purkinje cells on the parallel fibres in the cerebellum (see fig. 5). 





“4 Fia. 5.—A, section through the molecular layer of the cerebellum of a cat, parallel to 
the parallel fibres of the layer. B, section perpendioular on the parallel fibres showin g the 
spread of the dendrites of the Purkinje cells in one plane, perpendicular to the parallel fibres. 


` Analogous relations are found in the spinal cord of the lamprey 
where the dendrites of the. motor cells:stand perpendicular on the 
unmedullated longitudinal tracts (Tretjakoff). 


The fact that many of these dendrites reach the periphery of the cord, where they may 
end in thickenings, has suggested to Tretjakofi the idea that their arrangement ia due to 
assimilatory influences, since the spinal cord of the lamprey does not contain blood. 
vessels and the assimilatory substances come from the penmedullary vessels. Although 
I do not doubt that their close relation to the margin of the cord may have to be explained 
in this way, it does not seem probable to me that the perpendicular position on the 

. axis of the cord must be attributed to this alone, since the contact with the periphery might 
also be obtained if the dendrites spread in different levels, most easily even in a fan-like way 
to the dorsal and ventral surface in в level parallel to the longitudinal axis of the cord, 
since thé postero-ventral dimension of the-oord is only very small in this animal Besides 
the spreading of dendrites perpendioular to unmedullated fibres occurs also in the moleoular 
layer of the cerebellum (vide supra), where such & spreading is not influenced by peripheral 
blood-supply_since the molecular layer itself already contains a number of capillaries before 
the éypical arrangement of the dendrites of Purkinje cells arises, which only takes place after 
birt (Addison). ` р - 


It thus seemed to me that the neuro-biotactic process is based on 
bio-electric principles and that we have to do here with a sort of 
galvanotropic process (1908 and 1917). 
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Now by galvanotaxis or galvanotropism we understand the pheno- 
menon that a living baing, or part of it, when influenced by a constant 
electric current of & very low, potential, has the inclination to turn to & 
certain pole, in most cases to the negative pole (the cathode). 

Thus the roots of plants grow towards the negative pole, unicellular 
animals shift in the same direction, and the tentacles of a medusa move 
towards the negative pole (towards the cathode). 

The interesting point, however, is that this process 4s reversible. 

If the object, as for instance the roots of growing plants or uni- 
cellular animals, be brought into a stronger solution of potassium salts 
the tropism will be reversed and the object may turn towards the 
positive pole (the anode), instead of to the negative one. 

This has probably to be explained by the influence of the electrolytes 
in the solution on the electrolytes in the vegetable skin, the presence of 
which also accounts for the blaze-currents, descfibed by А. D. Waller. г 

The reversal of the tropistic process, then, must probably be explained 
by surface condensations of electrolytes, such as colloidal-chemistry 
shows us. 

For we know from Hardy and others that albumin-like йана: 
also show a shifting in a galvanic current, the process of catapho- 
resis, and it is very interesting that this cataphoresis may also be 
demonstrated experimentally with the nerve constituents, as bas been 
shown first by Hermann and confirmed by Ingvar and myself. This 
shifting of colloidal materials can be reversed by acids, and directed 
towards the negative pole (cathode). Now there is a good deal іп 
these reversible processes that seems to be applicable to the nervous 
system in connection with the physiology of excitation and conductivity. 

In the first place, we know that a part of the surface of & nervous 
leader, in excitation, forms a cathode with regard to its surroundings 
which so to say Бы а an anodic field with regard to the surface of 
the excited centre.! (Fig. 6.) - 

The importance of this fact. for the formations in the .nervous 
system has been confirmed by Child, who also proves to be an 
adherent of the theory of bio-electric potentials as leading factors in. 
the formation of the neuron (see p. 145 of this paper). . 

The nerve cells, that ate now situated in the surroundings of that 
electro-negative excitation centre, first produce (probably on account of 
a change in surface tension, as is also supposed by Marinesco) a positive 
offshoot, corresponding to the irradiation of the nervous ‘current from 
the excitation centre. This first kationic offshoot is the axon. 


1 Which inside is also positive. 


a 
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This growing away from. the excitation нб may be followed by a shifting 
of the cell itself in the same direction, so long as nq dendrites occur, as for 
instance is seen with very young neuroblasts, and placode cells, 


Child has recently confirmed -this point in my conclusions, 
emphasizing that ([17], p: 187) the fegion of origin of the axon is 
électrically determined in Sonn cell by · Ше electric currents of its 
environment. : 

It seems probable to me, that positive ions such as potassium act an 
important part in the axonal growth just as different concentrations of 
electrolytes act an important part in the nervous current itself, as har 
been demonstrated by Macdonald. 





Nonroblast "Axonal offshoot 


Fig. 6.—Eventual division of electrolytio TRS in the neuroblast (right) during the 


E: outgrowth of the axon by an action current. 


We know that ilis axon more than other. parts of the neuron 
contains large quantities of potassium compounds, as was pointed out 
by Macdonald, Macallum. and .Menten, independently оѓ each other 
and in different-ways. This high percentage of potassium must favour 
the stimulo-concurrent character of the nerve fibrille lying in it, that 
is the stimulo-concurrent growth of the axon. Consequently, just as 
Waller in his “ Signs of Life” (р.148) is inclined to consider the action 
current of the nerve as affected by kationic transport from the seat of 
action, so I consider even the outgrowth of that axon as being greatly 
influenced by such a kationic transport. The outgrowth of the ахоп 
apparently is influenced by the action current, which may also explain 
the influence. of. slight stimulations on regeneration. 

And this is not во ‘strange after all, since we know that the function 
of an organ and the growth of an organ are only two different aspects 


of the same thing. 
Although I could not expect that this conception of the electric 
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neuroblast contains no [issi substance’ it does not show the cathodic 
tropism, but even the opposite of it, and. that the cathodic tropism 
occurs ohly when chromidial substance is devel8ped in the cell which 
runs nearly parallel with the formation of the dendrites. It fails also 
to occur with placode cells, which contain no chromidial substance. 
What then may bo the influencé of the chromidial substance on this 
process 2 
Now it seems that Hardy's work on cataphoresis, which, according 
to Greeley, may be applied to intra-protoplasmatic colloidal suspensions, 
furnishes us with the solution of this problem. We know that the 
Nissl substance during life (Cowdry), particularly during the develop- 
ment of the cells (van Biervliet), is in a more or less fluid condition, 
and that it surrounds the fibrillar substance. 
This chromidial substance is в very complicated one, as has been 
emonstrated by Holmgren and Marinesco, of whom the latter working 
Mott’s laboratory showed the presence of ozydases in it. Thus 
uch, however, is certain, that it is an acid derivative (a compound of 
lein acids with iron), and its acid character is also demonstrated by 
1019304 that it can be coloured only by a basic strain. 
According to Hardy’s researches however, acids favour the shifting 
towards the cathode of the colloidal fibrille that are suspended in it. 


Also the liberation and accumulation of the Nissl substance at the pole 
of the neurone that is opposite to the pofassium accumulation agrees with 
electrolysis. 

The late appearance of this chromidial substance in the 'cell-body, 
in which it appears only when the axon.has already extended its 
growth over & considerable distance, would also make us understand 
the late formation of the dendrites. 1% thus seems that the develop- 
mental character of the whole neurone may be explained by bio- 
electric forces, and is in perfect harmony with the  bio-electric 
phenomena known in nerve physiology: the growth of the axon 
_-depending on the action current, whereas the formation and contraction 

of dendrites is homologous to the cathodic outgrowth and contraction 
of pseudopodia, in a galvanic current and is favoured by metabolic 
processes, related to stimulation.’ 

‘Whether the granulations which G. Levi saw ([46], p. 169) in his migrating cells, when 


they shift are to be compared with chromidial substance I do not know. I hope this excellent 
Itahan histologist will continue his experiments which seem to me of utmost importance. 


* That the stimulo-petal shifting of the dendrites and ripe cell-body is favoured by special 
chemical activities ocourring in the dendrites and perikaryon is made probable by the fact 
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MONO-AXONISM AND шшара, 

There are more characteristics of the herve-cell that may be A 
considered and explained from this standpoint. The first is that only 
one axon leaves the *cell,! whereas a large number of dendrites may 
grow out from the cell- body in any direction towards several centres 
of stimulation (mono-azonism and polydendritism). 

To explain the mono-axonism we must first realize that, with a polar 
tropism, яв the galvano-tropism pre-eminently is, an object under 
the influence of a bio-electric current places itself so that the 

„influence is equally great on both sides of the object. Then only does 
a condition of equilibrium occur. Thus the perpendicularly, stimulo- 
concurrent outgrowing axons of neuroblasts (fig. 8), as well as the per- 
pendicular position of the collaterals upon the axis-cylinder (fig. 4), are 
natural consequences of the perfectly polarirradiation current. If now 
two „(ог more) different excitation centres simultaneously activate one ' 
cell, we may expect to meet with only one axis cylinder in the resultar 
line of both. (or more) current directions, (in the resultant of tl 
bio-electric field), since it-is only in this line that an equal influer 


on both sides of the growing axon is realized. mn 

But what will happen, if two or more activating centres e& 9494 Е 
their influence, not semultaneously, but after each other upon the si 
cell-body ? 

One of these activating centres will be necessarily the first and 
causes the formation of the axon hillock. 

When, however, an axon hillock has commenced to grow, te., 
when an efferent zone of fibrils has been formed in the cell-body, we 
may expect that the opportunity, offered by this zone, on account of 


that their constituents act a much greater part in the assimilation of oxygen (on account 
of the oxydases and catalases occurring in the Nissl substances) and not in the axon. 
Stimulation and oxygenation probably run parallel here (stimulation setting free the 
catalages) and sustain not only each other (Lillie) but also the neurobiotaotio process as 
ia suggested to me by Bir Fred. Mott. The influence of metabolism on the growth of 
dendrites cannot be denied and is proved by the Cajal cells and the perimedullary dendrites 
in the lamprey (see above) which has no intraspinal blood-vessels and where the dendrites 
spread very richly on the periphery of the cord where they end in thiokenings, just as 
ependymal and glia cells do, as if to have more ample contact with assimilatory substances, 
Binoe stimulation and assimilation run frequently parallel this may also act a part in the * 
direction of the dendrites to the source of stimuli. That metabolio processes may influence 
the galvano-tropism has also been stated in lowér organisms, since Terry found that ‘* the 
galvano-tropism of volvox depends upon its state of chlorophyll metabolism ” ([77], p.,248). 


1 The horizontal cells of Cajal may exhibit two or more axis cylinders. These do not 
proceed however from the cell-body, but originate at great distances from each other, from 
different dendrites. 
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its greater conductivit$, is so favourable, that every new current that 
runs over the cell, ins dd of forming a new axon in another place of 
this cell, will make use of the opportunity of better conductivity, 
‘already present, the more so since on account of the originally 


irradiating character of nervous currents? these currents, if they reach 


the cell, will necessarily always cover*the whole of.it, and thus neces- 


- sarily meet the axon hillock. The first formed zone of efferent fibrils, 


the axon-hillock,! becomes thereby the favourite conveying path for 
all the stimuli that run over or through the cell-body. 

The relations for the formation of dendrites are, however, altogether 
different. : E" 

When a stimulus ‘appears in the vicinity of the cell, the most 
adjacent part of the protoplasm ef such в cell may shift in the direction 
of that stimulus. With the equality of that protoplasma and the 


x. , Ubiquity of the Nissl substance in the whole cell (with the exception 


Y the axon hillock) this process is, of course, not restricted to one field, 
wnd finds no place. of predilection, except the one that 18 nearest by. 
lentres of excitation situated elsewhere may, and even musi, cause new 


oplasmatie outgrowth in their own direction, if the dendrites that 
— 


-- 


ve previously grown out are not on their way. 

- So we find that mono-axonism is a result of the polar localization 
of the anodotropic part of the cell, whereas polydendritism is based 
on the fact that the cell-plasm has no place of predilection and is 
every where sensitive to the cathodic tropism. 


THE Simone IN THE FORMATION OF NEURONAL CONNECTIONS. 


I have already said that the anatomical relations as found in the 
nervous system and the processes of cell shifting clearly point to the 
fact that the relationship which determines the connections is the 
synchronic or immediate successive function of the elements. 

‚Тыв fundamental law of neurobiotaxis does not merely show us 
that the well-known law of association in psychology is also & neurobio- 
tactic law, but it also shows how wonderfully polar the whole character 
of the tract formation is, and how well it fits in with the class of 
bio-electric phenomena. For the purpose of explaining this selectivity 
I nust draw attention to the following points. 


1 The polar character of which has been demonstrated by Held to coincide with the 
diplosome-ceníre., = 
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We may assume that & state of excitation, фсе started in а budding 
axon, proceeds rapidly and a strong current of internally-positive potential 
reaches the buddingcche of the axon. That this is more than a mere 
supposition follows from the researches.of Scaffidi (and Viale) who 
proved that, if a nerve after section starts to regenerate its budding 
cone shows & positive potential current, that reminds us of an action 
current and may be called regeneration current or—as I do in embryonic 
tissue—a growth current. 

If we now assume that in the neighbourhood of this budding cone 
several nerve-cells are situated, one of which is already in a state of 
electric dissociation, while the others are not, ‘it will be evident that the 
cell which is in a state of ionization, is the only one that presents a 
. selective point to the budding axon. е, 

The potential, that continues along the budding axon, may find its ^ 
natural counterpart only in the already ionized cell, and not in cell 
which are not stimulated and which ате consequently indifferent object; 
not presenting any predilection. 

The principal part in establishing the connections between,~ 
growing axon and the cell or dendrites with which it is'going D 
connected may be played by the raised positive surface potential which 
&ppears near the cell shortly after some previous. stimulation and which 
immediately follows its stimulation (see fig. 6). Or, in other words, the 
growth-current of the budding axon will find a place of predilection in a 
neurone that has been in action shortly before, just as with ships іп а 
' battle line one ship sails in the wake of the ship that precedes. 

In the physiology of nervous currents there are several facts 
which are in favour of the supposition that an immediately prior 
excitation exercises a directing influence upon the course of new exci- 
tations occurring in the nervous system, since Sherrington emphasizes, 
“that the threshold of a reflex is lowered by the excitation just 
preceding its own,” and this also explains why а connection just 
established between two neurones (a synapse) “is an apparatus for co- 
ordination and introduces a common path," i.e., of several other excitations 
([75], pp. 184, 361). 

This principle of selectivity based on the influence of a just 
preceding state of function as forming a centre of attraction for other 


1 Zestsch. f. allg. Phystologse, 1910, Bd. хі, 8. 845 : “ Die Sohnittfláchen der Nerven, welche 
nach der Durohtrennung +1 stit bleiben, sowohl nach wenigen Minuten als nach verschiedenen 
Monaten fast immer positiv u s.w. Die positive Ladung der Sohnittflachen Tersohmndet 
rascher naoh der einfachen Durchtrennung, d. h. wann Versohmelzung folgt,” 
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,nervous currents or bufiding axones, becomes of use in а most interesting 
-way, in making us understand the connections of the nervous system 
 with'the muscles. Bok (1917) has shown that the connection between 
‘certain muscles with sometimes widely distánt places of the central” 
nervous system, has to be explained by the fact that a contraction of 
| а muscle (the formation of which precedes the formation of-nerve roots) 
acts tropistically upon the central nerve fibres. 

A contraction, or an analogous condition, raised by some external 
non-nervous circumstance, attracts action currents which happen to be 
present at that moment in the longitudinal tracts of the central nervous 
system, thus leading at the same time their growth. 


1 


Tract cell 


Ne 





' кта. 7.—Relation of the spinal cord to the myotomes (M.) and skin. On the, right 
hand R.B, Rohon-Beard’s sensory cells for skin and musole sensibility. To the left are 
collaterals forming motor nerve-roots, (After Herrick and Coghill) 


In accordance with this conception is the fact that the first motor 
roote as they occur in invertebrates and as Coghill found them in 
larve of amphibia, originate as collaterals of longitudinal tracts 
(fig. 7). au "m 

Only later the neuroblasts lying next to such longitudinal tracts are 


activated to form axons, that replace these collaterals and form the 
BBADK.—VOL. XLV. —— : , 10 


`~ 


144 ORIGINAL ARTICLES AND OLINIOAL OASES 


real motor roots. Hence it follows that азау the myotomes 
attract the action currents present in the central nervous system 
immediately after the fnoment of their contraction, or, in other words, 
that the process of contractian is originally only integrated, not caused 
by those central currents. à 

Later on, when the connection of the roots with the myotome has 
been established, the contraction may of course be caused by those 
central reflexes. Now I said that cat-ions as potassium probably 
exercise a considerable influence in the growth of the axon just 
as according to Macdonald and Waller it does in the action current 
of the nerve. - Similarly we find that potassium may act a part in the 
process of the entering of nerve-fibres into the muscle, since Boeke 
found the nerve-fibrils to end in the anisotropic layer of the muscle in 
which, according to Macallum's reactions, potassium is localized (see - | 
also Woerdeman). I hardly need to say that in this respect also th Г 
researches of Howell, and specially those of Zwaardemaker, Kwan 
ing the rôle of potassium in the transmission of stimulation are 
utmost importance. ^M 

It is probable that in embryonic objects the proliferation of mos 
tissue has the same influence as the function of adult tissue and that 
proliferating muscle-tissue thus may attract irradiations of the nervous 
currents from the spinal cord, in the same way as the proliferating 
connective tissue attracted the collaterals of the roots and even of the 
lateral funiculi in the experiments of Cajal. 

Child recently has called our attention to the probability that 
during the evolution of tissue electric conditions occur very similar 
to those occurring in stimulation. 

The sequence however in which this embryonic proliferation takes 
place must be caused by engrammatic conditions the character of which 
as yet entirely escapes our conception. | 

It is evident that there are many more questions in nerve histology 
and nerve physiology that may be considered from this standpoint, 
which, I hope, may be useful in giving the missing link between the 
structural and functional features of the nervous system. 

‘I am afraid, however, that I have taken already too much of your 
attention and I! will finish here by stating—what perhaps you' have 
already stated yourself, when listening to me—that a large part of the 
researches forming the stones that enabled me to build this theory are 
given by others, and not least by your own countrymen, 
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AS | l. “POSTSCRIPT. 


It was only after delivering this lecture tha? I came to study Child's 
valuable book, “ Origin and Development of the Nervous System, from 
в physiological viewpoint," а very interesting panbribation to our know- 
ledge of development of pattern. 

I have not been able to discuss its contents. fully in this paper, 
though I have added some references to it. I will not omit recom- 
mending it to those who are interested in the directing influence of 
electric potentials, and I am glad that Child and I fully agree in the 
importance of these potentials. 

Reserving а fuller discussion for a later piper, I will only add that I 

^ do not agree with him in ascribing the development of ventral roots 
and dorsal roots to two principally different types of polarization—his 
\, first and second type. Neither do I agree with his supposition “ that 
it is not necessary to assume shat the dendrites react differently to the 

Чесігіс current than the axon.’ ([17], p. 195.) 

pert from my own deductions on this point I may refer to Ingvar's 

tement that the offshoots that grow to the cathode and those which 

grow to the anode in his experiments show a difference of character 
([44], р. 198), and further to a personal communication of this author 
to me that it seemed to him that one of these offshoots was the axon, 
and the opposite one a dendrite. 

I further must state that the division of electrolytes which Child 
gives in his fig. 57, as presenting my idea about this matter, does 
not represent my idea. 

I have in the paper quoted by Child purposely not given a schema- 
tic indication of the division of electrolytes in the cell, because I could 
not.do so, arid certainly would not like to express it in such a simple 
scheme. I would rather give it (but still with great hesitation) as it 
is given in fig. 6 of this paper, for the development of the axon. 

It seems to me that the last-mentioned scheme agrees with the 
accumulation of the more or less acid chromidial substance inside the 
pole of the neurone opposite to the axon-formation, where later the 
dendrites occur, and where oxidation, and also acid constituents (that ` 
is, negative potentials) are really found later on, ав ів to be expected 
. from what we know of electrolytic dissociations. Iam afraid, however, 


{Such different types, apart from the artificial assumption of their existence in the 
nervous system, nre, even if they were possible, doubtful, as long as the question of plasmo. 
deamio pre-formed paths (that is of tissue continuity) is not sufflciently settled. (Compare 
Paton and Neal.) 
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that at present we are not yet able to state with any amount of cer- 
tainty the exact divisjon of potentials in the tissue even in serum 
culture experiments, since the applied potentials may be reversed by 
membranes or Holmholtz-Quincke layers, to which Child also calls 
attention. 

The chief point is that we agree that electric potentials are the 
moving factors. As far as concerns their details the neurobiotactic 
phenomena will offer still many difficulties - and controversies, the 
whole problem being a very difficult one. 

A point in which we are especially grateful to Child is his pointing 
out in connection with Lillie’s work the relation between oxidative 
processes and growth in certain directions (gradients). Specially the 
relations of the dendrites as found in Petromyzon (Ammocoetes) comes 
thereby nearer to our conception. (See p. 185 and footnote * on 
pp. 189 and 140. "^e 
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Tar investigations with which this paper deals were begun in the ," 
autumn of. 1918, and resumed in 1920 after an interruption of five 
years caused: by the War. At the time when our work was begun id 
evidence from the experimental side had been published which: serves 
to throw any light on the obscurity in which the pathogenec- 
disseminated sclerosis has so long been shrouded. In October, TONN 
. а paper appeared by Bullock [2], who claimed to have transmitted the 
disease from шап to rabbits, while in 1914 an exhaustive work was 
published by Siemerling and Raecke dealing with the morbid anatomy 
and histology of the disease. During and since the War other evidence 
was forthcoming in the direction of а solution of the problem 
confronting us, and it is mainly on this account that we have decided 
to publish the results of our investigations. It can at once be stated 
that our experimental results are almost entirely negative, and we are 
well aware that their publication may appear to some unnecessary. 
We feel, however, that negative evidence cannot be entirely disregarded, 
especially in view of the fact that much of the positive evidence 
which has recently aes is to our mind unsatisfactory and 
unconvincing. 

The clinical йагы on which this work was carried out was 
obtained from the wards either of the National Hospital, Queen Square, 
or of St. Thomas's Hospital. To the members of the staffs of both 
hospitals who gave us every facility for our investigations we wish to 
tender our grateful thanks. . 

Thirty-five cases have been investigated clinically and bacteriologi- 
cally, while animal inoculations have been carried out in fifteen 
instances, in two cases with material obtained post mortem. 
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! — . CLIMIOAL SruRY: 

Although it’ is not our intention to enter into a detailed discussion 
regarding the differential diagnosis of dissemihated sclerosis, neverthe- , 
less this aspect of the matter must not Mghtly be passed over. In more 
than one recent publication, for example, dealing with the transmissi- 
bility of the disease to animals, too little importance has been attached 
in our opinion to the. clinical side. We are merely told that the case 
providing the material’ to be injected was one of “ typical multiple 
sclerosis” ; or else-a brief clinical résumé is appended from which it 
is not always clear that the patient actually had this disease. In three 
cases investigated by us- the provisional diagnosis of disseminated 
sclerosis was proved to- be incorrect; and in two others (Cases IV and 
XIII) it remained doubtful. (Vide Appendix.) Of the three patients 

. wrongly diagnosed, none of whom: are included in our series, one proved 
to be а case of syringomyelia, while the other two were cases of 
Y cerebrospinal syphilis. _ 
Та no disease is accurate history-taking more important than in the 
under consideration, and in а large majerity of cases а diagnosis 
be made from the history alone. The patient's description of the 
- onset’ and character of the various symptoms is usually sufficient to 
make it clear that widely separated areas of the central nervous system 
have been affected at the same or at different times. This feature 
differentiates disseminated sclerosis-from all other common diseases of 
the central nervous system with the important exception of cerebro- 
spinal syphilis. Further, the history demonstrates that the course of 
the disease is not always slowly progressive and uneventful as was at 
one time supposed, but is more often interrupted by acute and un- 
expected disturbances. In more than half (54'3 per cent.) of our cases 
the onset was comparatively sudden, while in more than two-thirds 
(68°6 per cent.) some of- the symptoms, but not necessarily the initial 
disturbance, came on acutely. In 85°7 per cent. of our cases the 
disease had run a discontinuous course, the symptoms pointing now to 
this and now to that locality of the brain or cord, appearing in an 
irregular and haphazard manner, and at greatly yarying intervals of 
time. emissions or quiescent, periods, often of many years’ duration, 
alternate with periods marked by the more or less rapid development of 
fresh disturbances in a manner which is bewildering in so far as it 
defies accurate anticipation. | 

We have taken care to select for the purposes of this investigation 

only those cases which presented evidences of recent or progressive 
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with closed eyes there is an apparent paresis, which is however 
entirely due to the falling out of afferent.impulses from muscles 
and joints. and в. fobsequent inability -próperly to apply muscular 
power. - . 

This curious condition may be the first and only evidence of 
disseminated sclerosis; in the present series it was not infrequently 
associated with nystagmus, more rarely with a transient impairment 
of tactile sensibility in the affected limb, and never with bulbar 
symptoms. The condition of the arm improved in every case, and 
cleared up entirely in Cases XIX and XXXIV. We regard the con- 
ditioñ as the result of an acute but not necessarily destructive lesion _ 
in the external portion of the homolateral posterior column of the 
upper cervical cord. It occurred in 40 per cent. of our cases, i.e., 
in nearly the same proportion as two of the conditions which are com- 
monly described as '' typical ” of the disease, namely, spastic paraplegia 
and. intention tremor. 

Evidence of interference with the pyramidal system of fibres 
' w88--obtained in a large majority of our cases. Thus an extensor 
plantar response. was present in 91°4 per cent., bilateral in 77'1 per 
cent. and unilateral in 14'3 per cent., while the abdominal reflexes 
were‘absent on both sides in. 77'1 per cent. Spastic weakness of both 
legs sufficient to warrant the description of spastic paraplegia obtained 
.in less than half the cases (45°7 per cent.). In only two cases was an 
atrophic.paralysis present (Cases ТТ and XIII). 

Inco-ordination of ‘movement, apart from that due to.the falling out 
of afferent impulses from deep structures, was present in approxi- 
mately half the cases. In a -disease such as disseminated 
sclerosis where motor~and sensory tracts are prone to be affected 
simultaneously at different levels of the eerebro-spinal axis, it is not 
always easy to identify precisely what elements of disordered co- 
ordination are due respectively to paresis, to loss of deep sensibility, 
- ог to interference with the cerebellar system. For example, the 
intentional tremor, which has so long held a prominent place in the 
symptomatology of the disease, is in many respects similar to, but is 
nevertheless not quite the same as, the rhythmical tremor associated 
with subthalamic lesions. The latter is a pure tremor initiated by the 
withdrawal. of support .from the affected limb, while the former is best 
demonstrated in the execution of some voluntary movement, and is a 
combination -of tremor and inco-ordination. Hence we are inclined to 
regard the intention tremor of disseminated sclerosis as the result of 
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destruction of cerebello-rubral fibres and of certain other cerebellar 
connections in addition. 

Definite evidence of cerebellar inco-ordination in one or more 
limbs, apart from intention tremor, was obtained in eighteen cases 
(51:4 per cent.) "True intentions tremor of one or both arms was 
, present in 42°6 per cent., and a nodding to-and-fro tremor of the un- 
supported head in 87`1 per cent. Ataxic dysarthria on the other hand 
occurred in only one-fourth of the cases (28:6 per cent.). 

Attacks of rotatory vertigo, usually sudden in onset and offset, but 
sometimes persisting for days or weeks at a time, were common at 
some period of the disease (51°4 рег cent.). It is interesting to note 
that although tinnitus was associated with these attacks in & few 
cases, іц no instance was any diminution of auditory acuity demon- 
strable at the time of examination, a fact which points to the vertigo 
being central, and not peripheral, in origin. - 

Sustained nystagmus in one direction or another, usually horizontal 
was present in 74°3 per cent. 

Regarding ataxic dysarthria, nystagmus, Janio: nodding trerńor of 
the head, intention tremor of the arms, and inco-ordination of the 
limbs (apart from sensory defects) as evidence of disturbance of the 
cerebellar system, we believe that there are good grounds for 
assuming that the lesions underlying these phenomena are situated 
in & vast majority of the cases in the brain-stem and mid-brain, 


/ 


The assumption is supported by the circumstance that some or all , 


of these -disturbances tend to be combined in the same individual. 

For example, in eight of the ten dysarthric patients there were 
also present tremor of the head, intention tremor, and reeling gait, 
while all the cases with head tremor, except: one, presented evidence 
of cerebellar inco-ordination in arms or legs, or in both. 

Diplopia, usually transient, occurred in a third of the cases (34°3 
per cent.), but evidence of involvement.of cranial nerves other than the 
optic and oculo-motor group was rare. In no case did the pupillary 
reactions show any departure from the normal. 

Disturbances of the visual mechanism have long been recognized 
‘as being one of the most frequent and characteristic features of 
disseminated sclerosis.  Pallor of the optic discs was observed ‘in 
nineteen eases out of thirty-three in which they were examined 
(57°6 per cent), bilateral in 45°5 per cent., unilateral in 1271 per cent. 
The pallor sometimes involved the whole disc, but more commonly 
the temporal half only, and in a great many cases it was associated 
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with normal visual acuity. A history of sudden amaurosis in one 
eye with subsequent improvement in vision (retro-bulbar neuritis) 
;was Obtained in 20 per cent., while severe “bilateral visual failure of 
sufficient degree to be termed ‘disabling was present in only three 
patients (8'6 per cent). Scotomata were present in several cases, 
but the details in this connection were not fully investigated. 

Partial or complete loss of control over the bladder was noted in 
71:4 per cent. of cases, and when not associated with a paraplegic con- 
dition was regarded as evidence of disease i in the lumbo-sacral region of 
the cord. 

As regards the mental condition, a majority of the patients were 
above rather than below the average intelligence. Definite loss or 
impairment of emotional control, with which was frequently associ- 
ated an unduly sanguine temperament, was present in half the 

ч: gases (91'4 per cent.), a defect which permitted the patient to regard 
his or her condition with indifference or even with amusement. 
- Loss of consciousness occurred in one ‘patient only. 
--In no case were any indications observed pointing to disease of the 
thoracic or abdominal viscera, or to the heemopoietic system. 

The family and past histories failed to throw any light on the 
setiology of the disease. 

Sez. oe were twice as many female. as males (65°7 to 84:8 
per cent.). 

Age.—The average age of onset was 24'6 years, the Еее саве 
being 16, and һе oldest 39 years old. The average age at the time of 
observation was 28'6 years. ' 

- Duration—The disease had lasted four years on an average, the 
shortest case being three weeks, the longest fourteen years. Of 
the two fatal cases one lasted four years and the other thirteen 
months. 

Summary of clinical study.—Disseminated sclerosis is a disease 
of young adult life, occurring in healthy individuals, characterized in 
a large majority of cases by an intermittent, course, punctuated at 
irregular intervals by relatively acute exacerbations with subsequent 
periods of improvement and quiescence. The exacerbations consist 
either in the appearance of new symptoms due to lesions, in fresh 
localities, or else in an accentuation of symptoms previously experienced, 
but at the time quiescent. In a small proportion of cases the disease 
pursues а chronic progressive course from the outset, with a gradual 
increase in the intensity of existing symptoms and a relative infrequency 
-of new ones. 
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There is abundant clinical evidence of the random dissemination 
of the lesions throughout the brain, brain-stem, and cord, and of the 
involvement in the cor& of the white matter rather than the grey. 
The general clinical course, especially in the case of single acute 
lesions, is highly suggestive of: a localized acute, or subacute, 
inflammation. ‘There ія no evidence of thrombosis or embolism of 
large vessels, nor is there anything in the clinical study of our 
cases suggestive of meningeal inflammation or increased intracranial 
pressure. 


INVESTIGATION OF Two FATAL CASES. 


. Case I.—Girl aged 19. Admitted August 12, 1018. Died November 24, 
1918 (National Hospital, Queen Square). Good family and past history. 

Aged 15: She suddenly lost power and feeling in the left upper extremity ; 
the power soon returned but the hand was “ useless” for nearly threo months, 
after which it got perfectly well. E 

Aged 16: Sudden attack of pain in the right eye which rapidly beoámo blind ; 
examination revealed a retro-bulbar neuritis with profound butnot complete 
loss of vision. Two months later the right optic dise was passing into atrophy 
and she could count fingers at 8 ft. — 

Aged 17: Numbness of the right thigh followed by weakness of ‘the right 
leg and inability to walk. She was admitted to the West London Hospital 
where she rapidly developed incontinence of urine and fæces, with occasional 
retention requiring catheterization. She also had diplopia and attacks of 
rotatory vertigo. On discharge from hospital four moths later she walked 
" all over the place,” and her head and her hands shook so much that she 
could hardlv feed herself. In this condition she remained for eighteen months 
troubled with fleeting paresthesia, diplopia, vertigo and headache. 

Aged 19: One month ago the left arm became suddenly “ useless," so that 
she could not feel what she had in her hand; this was followed a few days 
later by a similar condition of the right arm. y 

One week later a further series of symptoms developed: (i) persistent 
vomiting and constant vertigo, an ever present feeling of herself and her sur- 
roundings rotating, worse on movement of head and eyes, "nothing keeps 
still”; (ii) diplopia; (ii) inability to walk or sit up in bed; - (iv) loss of 
emotional control; (v) retention of urine. 

A week later (i) she lost all sphincter control, unconscious of “ call" and 
of the passage of excreta ; (ii) the legs became completely paralysed and numb: 

“I do not know that I have legs except for the pains in them;” (iii) speech 
became slow and stammering, and (iv) she had attacks of dyspnoea, and (у) 
difficulty in swallowing. 

On admission (August 12, 1918).—Good physique and nutrition. Tempera- 
ture 99°2° F., pulse 96. Sleepy expression (ptosis), with head turned to right. 

Visceral exanunation negative; severe cystitis present. 
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‘Mental.—Distracted, inattentive and irrational. Wishes to die and the 
next moruent, evinces confident hopes of recovery. Lacking in reserve and 
emotional control. е 
^. Wassermann reaction (blood) nsrstiva: 

.Speech.—No aphasia. Cannot raise voice above a whisper, articulation 
jerky, slow and tremulous. Ы 

Viion.—Acuity, counts fingers at 8 ft. on right, үз on left. Fields: 
gross constriction with central scotoma in right eye, and no colour vision; 
moderate constriction in left. Both disos very white, edges es pigment 
disturbed ; changes right more than left. 

Hearing.—Normal. Constant vertigo ; toming head to left causes & move- 
ment-of objects'from left to right. à 

Cramial nerves.—iii,iv, vi. Wide pupils, right more than left; the right 
is sluggish to direct light but reacts well consensually, left normal. Both 
react well to accommodation. Diplopia, paralysis of right superior rectus and 
left internal rectus. Ptosis, right more than left, with frontalis overaotion. 
Constant jelly-like nystagmus with eyes at rest. On conjugate deviation both 
to right and left there is a slow horizontal nystagmus of large amplitude, and 
a rotatory nystagmus on looking up and down. v, vii, xi normal, except 
for slight paresis. of left lower face. ix, x, xi: palate immobile, reflex absent. 
Dysphagia. Dysarthria. 

Motor.—Head and neck: No paralysis; tremor when unsupported. 

Upper limbs : (a) Right: General weakness, especially of extensors ; normal 
tone, well-marked intention tremor and dysmetria. (b) Left: Hemiplegic 
attitude, spastic, movements at all joints: minimal, extensors weaker than 
flexors, no wasting. 

Tronk: Cannot move in bed. Intercostal movement below sixth rib is 
poor and abdominal muscles are paralysed. 

Lower limbs: Right and left: Complete spastic paraplegia in extension 
with occasional involuntary flexor spasms. 

Sensory.—(i) Bubjective: Severe boring paroxysmal pains in abdomen and 
legs. Feels slight discomfort with distended bladder. (ii) On examination: 
Questionable impairment of tactile’ sensibility in both hands. Pain and tempera- 
ture normal in upper limbs. Complete astereognosis in both hands. Profound 
loss of passive position and movement-whole of left upper limb, considerable 
loss in right hand. Below the seventh rib there is an almost complete anæs- 
thesia to all forms, both superficial and deep; a sharp prick or deep pressure 
sometimes gives rise to indefinite pain which cannot be localized. 

Spinal column.—Healthy. 

Sphincters.—Rectum: Complete incontinence; feels neither “ call" пог 
pagsage. Bladder: Feels neither "call" nor passage, retention alternates 
with incontinence. 

Reflexes.— All tendon-jerks brisk. Abdominals all absent. Extensor plantar 
response, right and left. 

Treatment.—Bladder—wash twice daily. 
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Progress (September 9, 1918).— Patient has had frequent attacks of respira- 
tory embarrassment, with very shallow movement of chest, cyanosis, 


restlessness, but no stridoe. There is a curious irregularity of the respiratory 


"rhythm. Increasing dysphagia, yomiting and mental deterioration. 

September 15, 1918: Thé upper limit of complete anssthesia and paralysis 
now reaches the fourth rib; the pdraplegia is now in flexion rather than in 
extension. Urine is now free of pus. 

September 25, 1918.—Irregular pyrexia the last few cays ; trace of pus in 
urine. Regurgitation of fluids through nose. 


October 10, 1918: Pyrexia persists. Comméncing sacral bed-sores with’ 


emaciation and cachexia. Less dysphagia, dyspnosa and vertigo. 

November 18,1913 : General condition much worse: profound wasting ánd 
cachexia with rapid extension of bed-sores. . 

November 24, 1918: Died. ' 


Pathological investigation.—The patient was lumbar punctured on 
September 30, 1913, and again on October 27, 1918, and the cerebro- 
spinal fluid examined by the same methods and with the same results 
in each case, as follows :— 

Cerebrospinal fluid quite clear; no cells and no excess of protein ; 
Wassermann reaction negative. The fresh fluid was precipitated with 
absolute alcohol and the centrifugalized deposit stained with Giemsa 
and examined microscopically with negative results. 

The fresh fluid was centrifugalized and the deposit added to four 
tubes of Noguchi’s medium. Of these, two tubes remained sterile, 
while in the other two a long-chained streptococcus was growh which 
was Gram-positive and grew well in ordinary media with diffuse 
turbidity. The deposit from all four tubes after incubation was stained 


with Giemsa and examined microscopically ; in each case small granular ` 


bodies were observed, but precisely similar bodies were found in the 
deposit of uninoculated tubes. 

No animal inoculations were carried out with the fresh cerebro- 
spinal fluid. 

A post-mortem examination of the patient’s body was carried out 
twenty hours after death by Dr. 5. A. Kinnier Wilson, who kindly gave 
us every facility for our investigations. Before removal of the organs 
cultures were made from the frontal regions of the brain on both sides 
and from the cord. A long-chained streptococcus was grown from each. 
site, which acidified litmus milk and lactose, but did not affect raffinose, 
inulin or mannite. 

Portions of the patient’s brain and cord were removed with all 
reasonable precautions and ground in a mortar. Films of the suspension 
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thus obtained showed diplococci: and streptococci, but no spirochetes 
were found by the dark-ground illumination method. The suspension 
was then filtered through a Doulton candle anf on November 26, 1918, 
injected under general anesthesia into rabbits as follows :— . 

Rabbit 1.—Trephined: .0°25 c.c. of suspension injected intracere- 
brally and 5 с.с. intraperitoneally. The animal remained in perfect 
health and was killed nine weeks later. ` Post-mortem examination 
revealed no disease of the internal organs. Smears were made from 

the cerebral and spinal membranes and stained with Giemsa with 
| negative results., The pons and mid-brain were examined histologically 
and found to be healthy. 
. : Rabbit 2.—Trephined: 0'25. c.c. of suspension injected intra- 
cerebrally. ^ The animal remained in perfect health and was killed 
five months later. Histological examination revealed no disease in 
brain or cord. | ; 

Rabbit 8.—Injected intraperitoneally with 8 'с.с. of suspension. 
No immediate or remote results, and the animal was well five months 

` later. ; ` T ж 

| The histological examination of the patient's brain and cord were 
unfortunately very incomplete, and the notes concerning it have been 
lost. Both brain and cord -were riddled with sclerotic areas, one 
large one involving the whole transverse area of the cord in the upper 
thoracic - region. ‘In the lower half of the pons very little normal 
‘tissue remained. A perivascular round-cell infiltration was a prominent 
feature of the diseased areas. 


Case II.—Male, aged 26. Admitted November 19,1913. Died February 20, 
1914. Family and past history unimportant. Ten months ago (January 6, 1913) 
he " suddenly came over sick and giddy " but was well in three days. Three 
weeks later the same thing happened, and his legs became so weak that he 
could not walk and his hands were unsteady. He was admitted to the London 
Hospital where he improved, and after seven weeks he could write a letter and 
walk without support. On discharge he began to notice transient numbness 
and tightness in his left leg and arm, "as if my leg would burst.” These 
paresthesia persisted, but no further symptoms developed until August, when 
his sight began to fail and his left eye became rapidly blind. In September 
' his walking got muoh worse and he had frequent falls; he also had difficulty 
in ‘voiding his: urine, and towards the end of the month he developed incon- 
tinence’of both bladder and rectum. 

Four weeks ago. his left arm became much weaker ‘and more unsteady, his 
left leg ‘almost paralysed, his враввћ almost unintelligable, and his memory 
began to fail. 
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On admission (November 19, 1918): Poor physique. Temperature 
1004? F., pulse 80. А s 

Visceral ezamsnation.—Negative. Urine normal. 

Wassermann reaction (blood).*—Negative. 

Mental.—Intelligent but apathetig Normal emotional tone. 

Speech.—No aphasia. Articulation slow, scanning, tremulous and ataxic. 

Veston.— Acuity: Left a, right чз. Left optic disc very pale, edges : 
fluffy, some disturbance of retinal pigment; consecutive atrophy. Right optic 
dise pale, especially on temporal side; primary atrophy. 

Hearing —Normal. Мо vertigo now, or tinnitus. 

Cranial merves.—Normal except for weakness of right lower face, and 
horizontal nystagmus of wide range on looking to right and left. 

Motor.—Head and neck: Nodding tremor of unsupported head. 

Upper limbs: (a) Right, power everywhere subnormal, tone a little increased, . 
well-marked intention tremor and slight sensory ataxia. (b) Left, muscles of 
forearm and hand weak and wasted, with diminution of faradic irritability, 
extreme intention tremor ‘and sensory ataxia. 

Trunk: Cannot sit up without use of hands. 

Lower limbs: Both weak and spastic, left more than right; all flexors 
weaker than extensors. Legs in extension with occasional flexor spasms in, . 
left leg. Museulature poor. Legs tremulous. 

Sensory.—Profound loss to pin-prick and temperature to right of mid-line 
below umbilicus, Tactile sensibility greatly impaired whole of left lower | 
limb. Vibration completely abolished in lower limbs and pelvis and much 
impaired in hands (left more than right). 

Compasses: No threshold obtainable in palms or soles. 

Complete astereognosis.in both hands. | 

Passive posture and movement: Profound loss distally in upper limbs (left 
more than right), considerable loss in lower limbs (left more than right). 

Spinal column.—No evidence of disease. 

Sphanolers.—Complete incontinence of urine and feces ; feels neither call 
nor passage. | 

' Gatt—Cannot stand alone; very tremulous; no control over legs. 

Reflexes.—Left supinator jerk absent, all other jerks very brisk. АП 
abdominals absent. Extensor plantar response, right and left. 

Progress (December 18, 1918).— Condition deteriorating. Dysarthria is now 
so profound that he is barely intelligible. Mild irregular pyrexia ; bed-sore 
.developing over sacrum; urine normal. 

January 15, 1914: Legs are now completely paralysed; paraplegia in 
flexion. ty 

February 18, 1914: Whole of left face and left side of palate paralysed. 
Dysphagia has developed with regurgitation of fluids through nose. Complete 
loss of upward movement of both eyes. 

Still slight irregular pyrexia., Bed-sore has increased, but is not deep and 
is fairly clean. No cystitis. : 

February 20, 1914 : Died. 
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adjacent white matter, especially in the anterior half of the brain. 
Extensive sclerotic patches were present in the basal ganglia and in | 
the periventricular regifns. 

Subthalamic region: The wed nucleus on either СТА was involved' 
in & patch of sclerosis. Я 

Pons: numerous sclerotic foci were scattered throughout the pons, 
especially round the fourth ventricle, in the region of the right middle 
cerebellar peduncle, and both facial nuclei. 

Medulla: numerous foci were present, right more than left; the 
region of the right restiform body was occupied by an area of particularly 
dense sclerosis. | 

. Spinal cord: (i) Upper cervical: sclerotic areas occupied the central 
and external portions of both posterior columns, ‘and a large focus 
involved the left antero-lateral region and anterior horn. 

(1) Lower cervical: sclerotic foci present in both anterior columns, 
in the crossed pyramidal tract on the right side, and in the posterior 
columns on both sides. А 

(ii) Mid-thoracic cord: both posterior columns involved throughout 
in an area of sclerosis. On the right side the lateral column, and on 
the, left the antero-lateral column were occupied by areas of dense 
sclerosis, which invaded the anterior horn on the left side. 

(1v) Lumbar: whole transverse area, except the anterior columns, 
occupied by dense sclerosis. 

Cerebellum, spinal roots, and ganglia—not examined. 

Sections stained with Giemsa showed that the patches of sclerosis 
were not all sharply defined from’ the normal tissue. This lack of 
definition was greatest in the areas which appeared to be fresh; in 
these, especially in the cortex and brain-stem and to а very much 
smaller extent in the cord, the nerve cells showed chromatolysis and 
indistinctness of outline, and glia-cell proliferation was a prominent , 
feature. In the older areas the gliosis was more intense and characterized 
by proliferation of glia fibrils. | 

In the leptomeninges and throughout the brain and cord a peri- 
vascular infiltration with round cells and endothelial cells was present. 
This change was particularly noticeable in the fresh areas of sclerosis, 
but was not entirely absent in areas which were of long standing. . 
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ГА 
INVESTIGATIONS CARRIED OUT IN THIRTY-THREB Non-Fatan CasES.! 


(1) Examination of Cerebrospinal Fluid. 


The examination comprised the follbwing posu — 

(a) Oytology (all cases). . 

(b) Globulin ‘reaction (all cases). 

(c) Wassermann reaction (all cases). 

'(d) Microscopical examination of deposit obtained by precipitating 
the fresh cerebrospinal fluid with absolute alcohol, stained with Giemsa 
(all cases). 

© Anaerobic шей ої cases), f 

*( f) Microscopical .examination of deposit in Noguchi tubes after 
‘inoculation with cerebrot pinal fluid апа incubation (25 cases). 

(9). Aerobic cultivatioi a9 cases). 

The colloidal-gold rea; Лоп was not tested in any case. 

The results obtained were as follows :— 

(а) No excess of cells was obtained in any of the 33 cases. 
Occasionally one lymphocyte was found in the centrifugalized deposit 
but in the vast majority of cases no cells of any kind were present. 

- It will be remembered that in one specimen of cerebrospinal fluid from 
'Case II а slight lymphocytosis was present. 
e (b) Globulin reaction {tested by half saturation with ammonium 
sulphate); & positive reaction was present їп Case XXXIV, а very 
. slight reaction in Cases XXVII, XXXI and XXXV, and a negative 
' reaction in the remaining 29 cases. 

(c) The Wassermann reaction was negative in every case, both in 
the blood and the cerebrospinal fluid. 

(d) Deposit obtained by precipitation with absolute alcohol: in 
Case VIII examination of the deposit stained with Giemsa revealed 
numerous small bodies resembling cocci.. [In two cases (XXXIV and 
XXXV) small-granules resembling fat were observed by the dark- 
ground ilumination method; similar bodies have been observed in 
the cerebrospinal fluid and, brain emulsions of cases of encephalitis 
lethargica and uremia and are probably fragments of altered myelin. 
With these exceptions this method yielded negative results. | 

' (e) Anaerobic cultivation. The following media were used :— 

(i) Noguchi’s fluid medium (ascitic, fluid + fresh rabbit's kidney, 

+. im 93 cases Ш to XXT, XXX and XXXI, XXXIV and XXXY). 


е ! For olinical details of cases КА Appendix. 
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| (ii) Ascitic fluid. + нын T" cells in three cases (XXIII to 
XXV). 

(iii) Noguchi solid medium Ня + rabbit's kidney) in two cases 
(XXX and XXXI). ` 

(v) Ascitic fluid only in Case XXII. 

In twenty-one. cases all the inoculated tubes remained sterile, In 
three Cases (IV, XIX, XX) а diphtheroid bacillus was grown ; in Cases 
IV and XIX the same bacillus also grew in aerobic cultures. The 
bacillus grown anaerobically in Case XX was non-pathogenic to guinea- 
pigs. 

Case III, from which a streptococcus was grown, merits a more 
detailed description. The patient was a girl, aged 18, and the illness 
dated back to just over а year previously when she was suddenly seized 
with pain behind the eyes and failure of vision. The vision improved 
somewhat, but in the course of the next four months she developed 
successively weakness of the trunk muscles, tremor of the. left arm, 
loss of sphincter control, weakness of the right leg and then of 
the left.. At the time of our investigations she was rather rapidly 
getting worse and becoming more paralysed below the waist; there 
were however no acute exacerbations, no bed-sores, cystitis, or pyrexia. 

Lumbar puncture was performed on three occasions as follows :— 

(i) September 30, 1913. The centrifugalized deposit of cerebro- 
spinal Яша was added to four Noguchi tubes, of which two remained 
sterile, while in the other two a pure growth of a Gram-positive. long- 
chained streptococcus appeared, which grew well in ordinary media 
with diffuse turbidity. Three rabbits were then inoculated intra- 
cerebrally with 0°5 с.с. of a twenty-four hours’ growth of the strepto- 
coccus. ‘Two days later two animals were dead, and examination 
revealed frontal abscesses, the pus from which contained long-chained 
streptococci in large numbers. The third animal was ill two days 
after inoculation, but recovered rapidly. It was killed eight weeks 
later, ‘and post-mortem examination revealed nothing abnormal in 
brain, còrd, or meninges, and cultures from the meninges remained 
sterile. 

Intraspinal injection into a rabbit of 1'5 c.c. of fresh cerebrospinal 
fluid was followed by no immediate or remote effects, and histological 
examination of the animal’s cord ten weeks later revealed nothing 
“abnormal. ] 

(ii) October 27, 1918. Patient was again lumbar punctured, but 
on this occasion all anaerobic and aerobic media remained sterile. 
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(iii) sd 3,1918. Lumbar punctured. Two тай, both of 
which had two days previously received an intraperitoneal injection of 
the unheated blood serum of Casé II (fatal cas’), were injected intra- 
cerebrally with 0°25 с.с. of the centrifug&lized deposit of cerebrospinal 
fluid. In neither animal was any effeet produced. 

The streptococcus grown from the first sample of cerebrospinal 
- fluid in this case resembled that grown post mortem from the brain 

of Case I in both its morphological and cultural characteristics. 

(f) Examination of Noguchi deposit.. Films were stained with 
Giemsa and searched for. parasites with negative results. In several 
cases small granular amorphous bodies were found, which were 
particularly numerous in Case XXI. In this case 10 c.c. of the 
Noguchi fluid were injected intraperitoneally into a rabbit which two 
weeks previously had received: 2°5 с.б. of the patient's cerebrospinal 
fluid along the course ‘of one sciatic nerve plus.5 c.c. of the patient's 
blood serum intraperitoneally. The animal however remained well. 

Similar granular bodies were frequently found in the deposit from 
Noguchi tubes which had not been inoculated with cerebrospinal fluid. 

(g) Aerobic cultivations: various media were used, litmus milk, 
inulin, inulin plus serum, Besredks тин апа without human red 
cells, &c. ` 

- In Cases IV and ХІХ в diphtheroid bacillus was grown, and from 
` Case XIII а pure culture of Staphylococcus albus was obtained, which 

we regard as в contamination. 

With, these exceptions the cultures all remained ETA 


(2) Animal Experiments (Thirteen Cases). 


Rabbits were employed in every case, and in a few. instances guinea- 
pigs in addition. All animal experiments were conducted under 
, general anesthesia and with strict aseptic precautions. We consider 
the use of а general anwsthetic important in order to obviate the 
traumatic palsies, especially of the hind‘ limbs, to which rabbits are 
particularly susceptible; these palsies which occur in animals imprbperly 
treated have been a fruitful source of error in the past. 

То the experiments in connection with the two fatal cases in which 
intracerebral injections of suspensions of cerebral and cord tissue were 
effected, reference has already been made. “The intracerebral route was 
also used in Cases III, XX VII and XXVIII, the material injected in 
each case being 0°25 с.с. of the centrifugalized ' deposit of fresh 
cerebrospinal fiuid. oo 
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Injections were made of from 2'5 to 5 c.c. of fresh’ cerebrospinal 
fluid along the course of the sciatic nerve in Cases XIX, XX, XXI, 


XXVI and XXVIII. Yn the first three of these cases intraperitoneal - 


injections of from 5 to 10 cw. of the patient's unheated blood serum 

were given simultaneously, and in Case XXVIII an intracerebral 

injection (0°25 c.c.) of eentrifugalized cerebrospinal fluid. 
In Case III an intrathecal injection of 1°5 c.c. cerebrospinal fluid 


was given, in Case XXV an intravenous injection of 2 c.c., and in | 


Case XXIX an intratesticular injection of 8 с.с. 

In none of the above cases were the injections followed by any 
immediate or remote effects; all the animals remained in good health, 
and in those that were killed at some subsequent period no lesions, 
naked- -eye or histological, were found i in the internal viscera, meninges 
brain or spinal cord. 


In Cases XXXIV and XXXV the inirá-ocular route was adopted. ` 
In each case a rabbit was inoculated with 0'25 c.c. of centrifugalized . 
deposit of cerebrospinal fluid withdrawn from the patient two hours ~ 
previously. Six days later the rabbit inoculated with cerebrospinal: 


fluid from Case XXXIV was disinclined to move and its hind limbs 
were stiff. The following day the weakness and stiffness of the hind 
limbs were more obvious, the animal responded slowly when pricked, 
its: gait was laboured and there was some “shivering ” of the mtiscles 
in the lumbar region. Two days later the animal had completely 


recovered and is alive and well at the time of writing. Six days after - 


injection the animal ‘from Case XXXV showed an exactly similar 


- condition, but the weakness of the hind limbs was rather more 


pronounced, and the limbs were actually dragged along without being 
definitely paralysed. After persisting for two or three days the 
disability completely Serer and the animal has remained well 
ever since. 

Two guinea-pigs meded TENIS with fresh егер 
fluid from Cases XXXIV and XXXV remained well. 

Summary of animal experiments and bacteriological investiga- 
tions.—It will be seen from the above experiments that in spite of a 
variety of routes employed for our injections we failed to produce in 
rabbits any condition of ill-health, with the exception of a transient 
stiffness of the hind legs in two animals, by inoculating them with the 
fresh cerebrospinal, fluid and blood-serum of patients suffering from 
disseminated sclerosis, or by inoculating them with fresh, filtered 
suspensions of the brain and cord of patients recently dead of the 

isease. 
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“ш К words w we dus entirely failed in our attempts to transmit 
` disséminated sclerosis 0 animals. 

Ав regards our bacteriological findings a lon&-chained РЕТ РЕТ 
was grown in two савез, from the cerebwospinal fluid of Case III, and 
from, the cerebrospinal fluid during life and from the cerebral 
hemispheres after death in Case’ I. In the latter case (Case I) owing 


' to cystitis and bed sores the patient had been in в profoundly septic and 


cachectic condition for six weeks prior to her death, and the bacterio- 
logical resul& may reasonably be thus explained. Case III however 
Һай neither cystitis, bed-sores, nor pyrexia, and the presence in the 
cerebrospinal fluid of a streptococcus, cultures of which on intracerebral 
injection into rabbits caused death with the formation of frontal 
abscesses, was not traced to a septic focus. At the same time, while 
unable to advance any adequate explanation of the bacteriological 
finding in this case, we are by no means inclined to regard it as of 
any significance with reference to the pathogenesis of disseminated 
sclerosis. 


REVIEW OF Racin WORK ON. mi PATHOGENESIS oF DISSEMINATED 
ScLEROSIS. 


z (1) Histological. Morbid Anatomy. 


Two exhaustive investigations of the morbid anatomy of the disease 
have appeared within the past few years. 

(a) Siemerling and Raecke in 1914 published the results of detailed 
histological examination of eight cases together with a clinical review 
of sixty others. They consider that the primary and essential feature 
of the pathological process is a localized destruction of nervous tissue, 
the process being closely related to changes in thé vessels, which show 


definite inflammatory phenomena, viz., congestion, perivascular infiltra- 


tion with small lymphocytes, polymorphs-and plasma cells, and in 
many cases capillary hemorrhages. | 
. They describe the early changes, best studied in the small, circum- 


7 &cribed patches (“ Herde") in-the brain, as being characterized by а 


focal destruction of axis cylinder fibres, with which is associated a 
considerable destruction of the medullary sheaths. The foci tend to 
coalesce and the medullary sheath destruction becomes more and more 


" complete.: In the cerebral cortex and periventricular region the lesions 


are grouped according to the distribution of terminal arteries and 


' resemble infarcts, the cortical foci usually having a pial vessel in their 


centre. Immediately consequent on the destruction of nervous tissue 


` 
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a marked proliferation of the glia occurs, which; acts as в 
helps to protect the tissues from further damage. The | 
the glia reaction are characterized by & richness of glis 
later on are reduced in number to be replaced by a thi 
glia fibrils. Associated with the myelin sheath destruc 
. scavenger cells make their appearance, arising mai 

neuroglia and to a less extent from the blood elements. 
which .effect the ‘transportation of the products of de 
chiefly compound granular cells, and are most numerous i 
and in the lymphatic spaces outside the vessels. The 
numerous as in cases of softening due to arterio-sclerosis, 
scarcer in the cortex than in the white matter, since mye 
is negligible in extent in the former as. compared wi 
These cells contain в large, deeply-staining, round nuc. 
protoplasm is frequently packed with fatty granules stain 
with scharlach. e 

Owing to the excessive glia reaction neighbouring fc 
bound together in à common sclerotic plaque. Moreover, 
foci do not pass directly over into normal tissue, but а 
by a broad intermediate zone characterized by'a pronot 
of glia nuclei. In these zones the authors observed 
recurrence of capillary hemorrhages, while the presen 
plasma ‘cells was regarded as indicating a lighting ар 
process. 

. Secondary degenerations, as а result of axis cylind: 
were found in distant parts of the nervous system, and : 
the essential focal lesions produce a complicated and co 
‘logical picture. While, however, axis cylinder destructi 
stage in the morbid process and is demonstrable before 
sheath is affected, the authors admit that the latter chaz 
exceeds the former, and they do not entirely oppose the 
.view that the axis cylinders remain relatively intact. 

The ganglion cells, although more resistant than th 
also show changes when involved in the primary les 
changes were limited to the focal lesions and were never 
general paralysis. 

: Occasionally the glia over wide areas, and altogeth 
essential focal lesions, undergoes definite proliferation wit. 
richness of both sude and fibrils and a few pathologice 
A section of such an area would certainly give the in 
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primary glia proliferation, but ‘the authors are -of opinion that there 
are in reality no grounds for postulating & primary gliosis, and they 
explain the appearances by a leakage from the diseased areas into the 
_ periphery of a virus or toxin in а concenfration too weak to evoke в 
focal inflammatory: lesion, but sufficiently strong to give rise to а diffuse 
glia reaction. ' 

The peripheral nerves, Ко inconstant, non-specifio, neuritic 
-.chànges, and the typical sclerotic plaques were strictly limited to the 
central nervous.system and to һе еа portions of the cranial nerves 
and nerve-roots. In correspondence with the inflammatory nature of 
' the whole process meningitic changes were constantly present, e.g., 
“patchy peri-vascular round-celled infiltrations of the pia-arachnoid ; 
plasme cells. were also observed in a few cases. 

The cerebrospinal fluid was examined in both fatal and non-fatal 

cases, and is described as showing “usually a slight lymphocytosis 
and slight increase of globulin.” Bacteriological investigation was 
negative. ~. 
' The authors consider ‘that the whole anatomical picture 'is in 
complete harmony with the clinical one, viz., acute lesions giving rise 
io acute symptoms which tend to clear up. They conclude that 
‘disseminated sclerosis, is infective or toxic in origin, that the virus 
or toxin reaches the central nervous system through the blood- 
vessels, and they regard the presence of plasma cells as strong 
"evidence in favour of an infective’ process and most probably 8 
parasitic one. 

(b) Dawson examined nine cages bistalógicaliy and came to much 
the same conclusions as Biemerling and Raecke, although differing 
somewhat in his interpretation of the histological details. He describes 
six stages in the development of the essential lesion, viz.: (1) A com- 
mencing reaction of all the tissue components and degeneration of the 
myelin sheath. (2) Glia cell proliferation and commencing fat granule 
cell formation. ` (3) “Fat granule cell myelitis." © (4) Commencing 
glia fibril formation. (5) 'Advancing sclerosis, and (6) Complete 
sclerosis. 

"He regards the primary degeneration of the myelin sheath as the 
most constant and uniform feature of the histological picture, and 
considérs that the relative persistence of axis cylinders and ganglion 
cells is abundantly confirmed. Secondary degeneration occurs, but 
` affects scattered fibres and not tracts in their entirety. 


He traces the development. of the essential lesions from their 
MN : í ' 
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earliest stages to the final’ development of the dense sclerotic areas 
visible to the naked. eye and scattered throughout both brain and cord, ' 
and he finds areas of °recent and of old disease in the same patient. 

Almost every diseased area shows evidénce of an advancing process; 

they are either wholly ''early " or show a peripheral advancing 
zone round a condensed centre, giving the impression: that the primary 
process has never quite died down but is gradually extending 

peripherally. 

According to Dawson vascular phenomena are not prominent in 
the earliest stages; “in its diffusion through the vessel wall the noxa 
causes no recognizable primary alteration, but there is probably an 
abnormal permeability and increased transudation of toxic lymph.” 
The first vascular changes are found at, or just after, the stage of “ fat 
granule cell myelitis," and are secondary to the resorption of the 
fatty products of destruction; this in time is followed by a proliferation 
of all the cell elements of the adventitia, and later by a modified `` 
infiltration of small round cells'and а few plasma cells. Finally as 
the tissue condenses the vessel walls become thickened and undergo - 
hyaline degeneration. 

The cranial nerves and spinal roots are frequently involved in the ' 
glial portion of their extra-medullary course, but the meninges show . 
no constant or specific changes. С 

While not attempting to explain the irregular Catei banon of the 
lesions, Dawson considers that the sites of predilection are “ probably. 
related (a) to the vessels; to the terminal ramifications of end-arteries, 
e.g., on the ventricular surfaces, and to the points where vessels break 
up, e.g., in the transition zone between white and grey matter both in 
the central and cortical grey matter, and (6) to areas where much glia 
is normally present, e.g., the peri-ventricular апа, peri-central tissue, the 
optic chiasma, the postero-median and para-median septa, the marginal: 
glia zone, and the perivascular glia layer.” 

. After discussing the somewhat different views as to what should be 
accepted as the histological criteria of “inflammation” when it affects 
the central nervous system, he concludes by regarding disseminated 
sclerosis as a subacute inflammatory disease, i.e., a localized, dis- 
seminated, subacute encephalo-myelitis which terminates in areas of 
actual and complete sclerosis, the causal agent being probably a 
soluble toxin which is conveyed to the nervous system by the blood- : 
stream. He farther points out that the remissions and relapses во ` 
characteristic of.the disease ‘‘ necessitate the assumption of the latent 


) 
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presence of the morbid agent in the wi or, df this is. an autogenous 


toxin, either of its intermittent evolution, or of its accumulation from 
denen elimination." i Å ° 
Reviewing the views propounded respectively by Siemerling and 
Raecké and by Dawson, while both sets of investigators regard 
the . histological changes as inflammatory in character, the former 
look upon the process as acute, while Dawson calls them subacute. 
Our own histological investigations ате admittedly quite incomplete ; 


"but as far as they go they strongly support the view which regards the 


process underlying disseminated sclerosis as inflammatory in nature; in 
fact, the most conspicuous feature of the sections in Case II was the 


well-marked perivascular infiltration with round cells and endothelial 


cells, similar to that met with in cases of encephalitis lethargica, although 
perhaps not quite so intense. On general grounds we have some diffi- 


` culty in accepting Dawson’s statement: that the perivascular changes 


are absent in the earliest stages. of the process, and only appear 
subsequent to, and as a consequence of, the absorption of the products 
of myelin destruction and the gradual condensation of the tissues, In 
Case’ II these changes were а prominent feature of areas where 


‘ sclerosis .was not yet apparent, and we favour as being more in 


conformity with the principles of general pathology the interpretation 
of Siemerling and Raecke, who regard the perivascular reaction as 
important evidence of thé frankly inflammatory nature of the early 
stages of the morbid process. 


(2) Experimental. 


(a) Bullock in 1913 claimed to have transmitted the disease to 
rabbits by subcutaneous injection of the cerebrospinal fluid of a patient 


: suffering from disseminated sclerosis. Ten rabbits in all were injected ; 


.of these four died without paralysis, two remained well, and two 


became paralysed in the hind limbs three weeks later and then recovered. 
One animal, twelve days after, receiving 2 c.c. of unfiltered cerebro- 
spinal fluid along the course of one sciatic nerve, became paralysed in 
the hind limbs; killed four days later, an intense cystitis was found, 
together with some fragmentation of the myelim sheaths in the white 
matter of the spinal cord, but no Marchi‘changes. The other animal 
three weeks after an injection of 1°Б c.c. filtered cerebrospinal fluid 
became weak in ‘the hind, limbs, but afterwards improved and was left 
with a slight ‘spastic paresis. Six weeks later it was killed, and large 


areas of degeneration were found throughout the cord. in Weigert-Pal 
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and in Marchi preparations. The verbal description of, and the figures 
which claim to illustrate, these changes are in our opinion unconvincing, 
and we are quite undble.to accept the author's statement that the 
changes represent “ в complete reproduction of the appearances found 
jn the human subject "' 

(b) Siemerling and Raecke Ре rabbits and two apes (Macacus 
rhesus) with cerebrospinal fluid of patients suffering from disseminated 
sclerosis, with negative results. 

(с) Kuhn and Steiner injected blood and (or) cerebrospinal fluid 
of four disseminated sclerosis patients into guinea-pigs and rabbits. 
From their brief description the diagnosis in Cases III and IV is, in 
` our opinion, open to question. Six guinea-pigs were inoculated intra- : 
peritoneally with 1 c.c. of a mixture of blood’and cerebrospinal fluid 
from Case III, of which four developed paralysis and two remained 
well. Of three guinea-pigs injected with 1 c.c. of blood diluted 1 in 5 
from Case IV, one remained well, one was ill four weeks later and 
recovered, and one became ill five weeks later and died after nine days. 
Blood-stained cerebrospinal fluid (0'2 to 0°4 с.с.) from Case I, diluted 
1 in 4, was injected intraperitoneally into ten guinea-pigs and five 
rabbits. Three of the guinea-pigs showed paralytic phenomena a few 
days later, one became affected seven weeks later, two died of epidemic 
disease, and four remained well. The rabbits showed transient phenomena, 
not definitely paralytic, but otherwise the results in them were negative. 
A little later blood-free cerebrospinal fluid from Case I was injected 
intraperitoneally into five guinea-pigs with negative results, "and. 
1 c.c. of defibrinated blood into another set of five guinea-pigs, of which 
one died with paralytic phenomena eighteen. days later, and the other 
four of epidemic disease. Intraperitoneal injections of cerebrospinal 
"fluid from, Case II into ten guinea-pigs were without result, while 
' similar injections of 1 c.c. of blood diluted 1 in 8 were followed 
six or seven weeks later by paralytic phenomena in two out of three 
animals. Intra-ocular injections of cerebrospinal fluid (0'2 to 0'5 с.с.) 
from Case II were followed by paralytic phenomena in two out of five 
rabbits. | 

These authors also claim to have баши the disease through 
a series of four guinea-pigs and later of two rabbits, using for the first 
injection material obtained from previously inoculated animals who had 
developed paralytic phenomena. ‘The exact nature of the material Bend 
and the route employed for the injections ате not stated. 

Control experiments (fifteen rabbits and thirty guinea pigs) were 
negative. 


THE PATHOGENESIS OF DISSEMINATED SCLEROSIS 176 


* 


All the affected animals showed symptoms in from three days tc 
three months after injection (average six to seven weeks) ; they moved 
about less, sat hunched up, the hind legs became stiff and weak, and 
total paralysis preceded death. у | 

Post-mortem examination of the paralysed animals revealed no 
naked-eye lesions in the internal viscera or nervous system, and at the 
time of publication the histological examination had not been completed. 

Delicate, slender spirochstes, resembling those found in epidemic 
jaundice, were demonstrated during life and after death in the heart’s 
blood of several of the affected animals, and also in the blood-vessels 
of the liver. | 

If we analyse these experiments it will be evident that in the 
absence of any histological examination of the brain and cord of 
the affected animals there can be no justification for assuming that the 
animals had developed disseminated sclerosis. This being so we are 
justified still less in assuming that the finding of spirochetes in the 
heart’s blood and liver is in any-way related to the origin of disseminated 
sclerosis, whatever may have been its relation to the morbid condition 
from which the experimental animals were suffering. 

(4) Simons, using sterile cerebrospinal fluid of a patient with 
disseminated sclerosis, kept at 0° C. for ten days, inoculated nine 
r&bbits, of which seven remained well. One animal, which had 
received 8 c.c. in one sciatic region, nine days later developed 
paralysis of the hind legs and died totally paralysed on the nineteenth 
day; no naked-eye lesions were found in meninges, brain, or cord. 
The other animal developed paresis of the hind limbs on the fifth day, 
which persisted; the animal was killed on the fourteenth day but 
nothing abnormal was found post mortem. 

(e) Marinesco inoculated the cerebrospinal fluid of two patients 
with disseminated sclerosis into six guinea-pigs, of which four were 
unaffected. The other two, who had received 1 c.c. intracerebrally, 
presented three or four days later difficulty in moving about. In the 
fluid obtained by puncture of the fourth ventricle of these animals 
spirochstes were found similar to those described by Kuhn and Steiner. 
This fluid injected into guinea-pigs, and a repetition of the experiments 
de novo, all gave negative results. 

(f) Steiner, in March, 1917, injected 1 c.c. of cerebrospinal fluid 

‚ from Case I of Kuhn and Steiner’s series into an ape (Macacus rhesus). 
The animal remained well until February, 1918, when some awkward- 
ness and weakness of the hind limbs was noticed by the attendant. 
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This passed off to reappear in June when the limbs were observed to 
be weak and spastic. The condition persisted and a month later 
the animal was killed? At the post-mortem examination nothing 
abnormal was found in the vifcera, but focal lesions were visible to the 
naked-eye scattered irregularly throughout both cerebral hemispheres. 
Histologically these foci were found to consist of fairly sharply outlined 
areas characterized by a patchy destruction of medullary sheaths; 
compound granular cells were present in large numbers, both these and 
the glia cells containing granules which stained red with scharlach. 
Proliferation of the glia cells was a prominent feature, and in the 
periphery of the lesions numerous multi-nucleated glia cells with 
abundant protoplasm were present, the cells showing a definite tendency 
-to form fibrils. The axis cylinders were relatively intact and there 
were no vascular changes. The spinal cord apparently was not 
examined. 

Steiner considers that the lesions found are indistinguishable from 
those of human disseminated sclerosis, but utters a note of warning 
against drawing hasty conclusions. 

(9) Rothfeld, Freund, and Hornowski inoculated by a variety of 
routes guinea-pigs and rabbits with blood and cerebrospinal fluid from 
four undoubted cases of disseminated sclerosis. The blood of the 
experimental animals was examined for spirochetes almost daily, 
minute histological examination was made of the brain and cord, and 
emulsions of brain and cord from inoculated animals was injected into a 
further series. In no case were spirochetes found, and the authors 
express the opinion that the spirochete found by Kuhn and Steiner was 
an accidental infection transmitted from animal to animal. Many of 
the inoculated animals died, but the cause of death in the vast majority 
of cases was either coccidiosis or tuberculosis. In one animal slight 
neuroglia changes were found, but precisely similar changes were 
observed in animals with coccidiosis who had received no injections. 
In all other respects histological exammation of the nervous system 
was negative. Some of the animals appeared to be ill for a day or two 
after inoculation with cerebrospinal fluid, the fluid being probably toxic 
in some way. In no case, however, did the authors succeed in 
transmitting to guinea-pigs or rabbits any condition resembling human 
disseminated sclerosis. 
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(3) The м: of ‘Spirochestes in the Brains of Patients dead oj 
Disseminated Sclerosis, 


(a) Siemerling was the first to publish в em result. In th: 
brain of a patient with disseminated ‘sclerosis who died of erysipelas 
examined two hours after death, numerous focal lesions were present 
minute pieces from the diseased areas were removed and examinec 
by the dark-ground illumination method. In two preparations living 
spirochetes were found, similar to those discovered by Kuhn anc 
Steiner, but attempts to stain them in sections did not succeed. 

(b) Büscher reported the finding of spirochwtes by the dark-grounc 
illumination method in the brain of a chronic case of disseminatec 
sclerosis; the parasites exhibited undulatory movements from fifteen tx 
thirty-nine hours after death. They could not however be detected ir 
hardened sections of the brain in ordinary silver preparations. 

(c)-Schuster describes the case of a boy which he regards as : 
combination of juvenile general paralysis and disseminated sclerosis 
Mental symptoms were a prominent feature of the illness and in the 
later stages the pupillary reactions to light became sluggish. At the 
autopsy the brain was found to be atrophic, the leptomeninges thickened 
and the lateral ventricles dilated. The peri-vascular spaces were packec 
with small lymphocytes and plasma cells, and there were numerou: 
areas of myelin sheath destruction, especially in the cerebral whit 
matter. Spirochetes, hardly distinguishable from the Spirochæt 
pallida,.were found in the brain in silver preparations of hardene 
material. The Wassermann reaction was positive during life in bot! 
blood: and cerebrospinal fluid and the case appears to us, but no 
apparently to the author, to be of no decisive importance in relatio: 
to the pathogenesis of disseminated sclerosis. 


GENERAL DISCUSSION AND SUMMARY. 


In attempting to elucidate the pathology of any obscure diseas 
there is a natural temptation to make comparisons between the diseas: 
in question and certain other apparently similar conditions the caus 
and nature of which are understood. In the case of disseminate 
sclerosis, however, it is difficult if not impossible to conjure up am 
analogous condition, nor, even if we could, would such analogy b 
decisive. In view of the suggested spirochstal origin of the disease 
one naturally compares it with syphilis of the nervous system, to whic] 
it bears certain resemblances in its clinical course and manifestations 
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it differs however from syphilis in two important particulars, first by 
being rigidly confined to the nervous system, and secondly by the 
irregular, patchy distribtition of the essential lesions in marked contrast 
to such systemic processes as tabes dorsalis and general paralysis. 

The past and family histories. of our patients, so valuable in the 
etiological studies of other diseases, tell us nothing as to the origin of 
disseminated sclerosis. It is neither familial nor epidemic, although its 
rarity in ‘certain countries (ib is said to be unknown in Japan) points 
rather to some extraneous factor. | 

The pathogenesis of any disease can be considered from two points 
of view, first the nature of the morbid process, and secondly its origin. 
Ав to the nature of the morbid process underlying disseminated 
sclerosis two views are held. According to the first or exogenous 
theory; supported by a majority of observers, the process is set up by 
some irritant distributed through the nervous system by the blood- 
stream, and is inflammatory or. toxi-infective in character. _ The 
second or endogenous theory, advocated particularly by Striimpell and 
Müller, regards the disease as the result of some developmental or con- 
genital defect of the neuroglia, which is thus rendered more liable to 
be affected by irritation than is normally the case; in other words the 
disease is & primary gliosis. 

-There' would appear to be an insuperable obstacle to the acceptance 
of the second or endogenous theory, namely, the clinical character of the 
disease, since it is hardly conceivable that a condition so frequently 
characterized by an acute or subacute onset and & clinical course 
punctuated at irregular intervals with exacerbations and remissions 
can be ascribed to a congenital or developmental defect. .Müller has 
attempted to overcome this difficulty first by postulating certain 
external factors as ''agents provocateurs” acting on a neuroglia 
which is congenitally vulnerable and susceptible, but exactly what 
these factors are he is unable to say. Secondly, and more important, 
he attempts to draw a distinction between true disseminated sclerosis - 
and secondary disseminated sclerosis. According to Miiller the only 
true disseminated sclerosis is the chronic progressive case originally 
described by Charcot, which one can perhaps accept as being clinically 
intelligible ag a primary progressive gliosis, whereas the cases with 
acute symptoms and a discontinuous clinical course; with which this ` 
paper mainly deals, he excludes altogether from the category of true 
disseminated sclerosis, and regards them as something else Web he 
calls `“ disseminated ‚ encephalo- myelitis.” 
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We have now to inquire whether this differentiation advocat 
Muller is warranted by the. clinical and . histological facts 
disposal. Clinically whilé it is useful to ‘recognize the chroni 
gressive and the subacute remittent фуре? оѓ case, the distinctior 
not be pushed too far, since cases not infrequently occur whi 
intermediate between the two and serve to link the one type wii 
other. Secondly there is a definite tendency for the remitten 
in its later stages to lose its subacute characters.and to take 
chronic progressive course. Thirdly, just as the chronic type c 
progresses downhill by an increase in intensity of the same sym 
which initiated the disease, so too one frequently observes i 
exacerbations of the remitting type a tendency to the reappea 
of symptoms which have already been experienced, so ths 
example the same arm again becomes astereognostic, the sami 
wsthesie are again complained of п’ the same part of. the bod 
same leg again begins to drag, and soon. Fourthly, the locali: 
of the lesions as judged by the symptoms and physical sig 
roughly sinlilar in the two types; in both, for example, the 
- the same curious liability to affection of the optic nerve and 
Consequently in spite of differences in the chronological ord 
individual symptoms, the symptomatology of the later stages is 
similar in both ‘types, and although the individuality of no d 
can be established by its symptomatology alone, this factor 1 
theless must be given due weight in an attempt to determine 
entity of any morbid condition. Finally, in both types there.i 
‚ same absence of any obvious etiological factor and the sam 
incidence. 

Histologically no essential differences have been shown to 
between the chronic progressive and the remittent type of case. 
the former it is true that в progressive gliosis is perhaps the 
prominent feature, and that areas of diffuse gliosis occur appar 
unrelated to areas of tissue-destruction. Nevertheless it has 
abundantly demonstrated that even in these long-standing cases 
of tissue destruction are present in which the changes are ofr 
date and associated with an inflammatory reaction. ‘While thei 
. gliosis may be the predominating feature of the chronic case, it mt 
recognized that the differences in the histological picture in the 
types of;cases are differences of degree only; in both types 
essential lesions are of the same kind, although variations in the 
and intensity of the morbid process undoubtedly occur, 
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Neither from the clinical nor histological standpoint therefore can 
we find adequate grounds for distinguishing between true and secondary 
disseminated sclerosis as advocated by Müller, and we believe that the 
two clinical types, namely, the chronic progressive and the subacute 
remittent, represent variations of the same pathological process. If. 
this conclusion is “correct, the endogenous theory automatically 
becomes untenable, since it is impossible to explain the remittent 
type with its sudden exacerbations and long remissions on an 
endogenous basis. : 

The question therefore arises: Can a disease so variable in its 
clinical manifestations, and running sometimes а chronic progressive 
and at others a subacute remittent course, be satisfactorily explained 
on a single pathogenetic basis? We believe that this is possible pro- 
vided one assumes the presence of a morbid agent acting with vary- 
ing degrees of intensity over a considerable period, and since variations 
in intensity are characteristic of all inflammatory and infective pro- 
cesses, such an assumption is practically equivalent to postulating an ' 
inflammatory lesion as the essential morbid process underlying dissemi- 
nated sclerosis. Arguing on these lines the acute clinical disturbances 
are to be regarded as the result of an acute inflammatory process, and 
their partial or complete disappearance represents a dying down of 
the process with absorption of exudate and consequent functional 
recovery of the tissues; where however sufficient structural damage 
has occurred permanent effects will remain. The chronic progressive 
condition on the other hand, whether it supervenes on a previously more 
acute phase or whether it has characterized the illness ab initio, is 
evidence of the same morbid process, less intense in its action, but 
one nevertheless which never becomes entirely inactive. In such 
cases one expects to meet not so much new focal areas of disease 
in parts of the brain and cord some distance removed from those 
already affected, but rather a gradual extension of already existing 
areas and a consequent spread and intensification of already existing 
symptoms; in other words, the legs become more paraplegic, an eye 
more blind. ‘ 

Again one cannot altogether ignore the existence of cases which 
after a variable time become definitely non-progressive, and we have 
already hinted at the possibility of the existence of spontaneous 
"cures." In the former cases, & small minority of the total, 
the disease has entirely ceased to be active, while the latter correspond 
to the “formes frustres " of many other infective processes. 
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The absence of cytological and chemical changes in the cerebro- 
spinal fluid, as determined by ourselves in common with many other 
investigators, in no way militates against Фе hypothesis that the 
process. is an inflammatory one. In the first place it seems probable 
that the increase in protein and morphological elements when occurring 
in other conditions should be ascribed to a diffuse or local reaction on 
the part of the meninges rather than to changes in the nervous 
parenchyma. itself, and meningitic changes although present in some 
cases cannot be regarded as an invariable feature of the morbid 
histology of .disseminated sclerosis. Secondly, pathological changes in 
the cerebrospinal fluid may be conspicuous by their absence in such 
frankly inflammatory conditions as acute poliomyelitis and encephalitis 
lethargica. 

Histological investigations confirm the arguments based on clinical 
studies. Our own histological examinations have unfortunately been 
far from complete, but as far as they go they are in agreement with 
the more recent work which insists on an inflammatory reaction, acute 
or subacute, in the affected areas. Both Siemerling and Raecke, and 
Dawson describe a general tissue reaction in the early, and an essentially 
glia reaction in the later stages, the general architecture of the tissues 
being to a great extent preserved owing to the relative escape of axis 
cylinders and ganglion cells. Although the inflammatory phenomena 
. of the earlier stages occupy a more prominent position in the descrip- 
tion published by the German writers than in that given by Dawson, 
the latter nevertheless expresses the opinion that ‘there is overwhelm- 
ing evidence that the great majority of the areas have arisen on an 
inflammatory basis." Both sets of observers lay stress on the fact that 
in the same individual different stages of the morbid process can be 
identified in different areas, some of recent origin and others of long 
standing, a state of affairs entirely in keeping with the clinical histories 
so ‘characteristic of the remittent type of disseminated sclerosis. 
Moreover at the edges of areas even where sclerosis is complete there 
is histological evidence that the morbid process has never become 
entirely inactive, but is capable either of lighting up acutely, or, and 
perhaps more frequently, of advancing.slowly by peripheral extension. 
In this connection we hesitate to accept the suggestion put forward by 
Siemerling and Raecke that the scar tissue formed by the glia prolifera- 
tion protects the tissues from further damage. On the contrary we 
consider it much more probable that the virus lies latent in the scar 
tissue, but capable of initiating further infection when the local or 
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TY conditions permits in other Жый we regard the scar tissue as 
the starting-point from which reinfection originates. Finally both 
sets of observers впте® that the histological changes can only be 
explained by а variation inethe intensity of the morbid process in 
different areas; thus while rapid, destruction of tissue is a feature in 
some, in others there is little more than a spreading gliosis, which they 
attribute to the leakage of a diluted virus from the essential primary 
lesions, and it is on thig latter basis that the chronic progressive case 
finds its readiest explanation. 

-As regards the origin of the morbid process underlying disseminated 
sclerosis our own investigations have failed to throw any light on the - 
subject; in no case have we succeeded in transmitting the disease to 
animals, while our bacteriological and parasitological investigations 
have been without result. Neither can we admit the claim of those 
writers, whose work we have reviewed, that they have transmitted the 
disease to rabbits and guinea-pigs. Even if we admit that in certain 
instances they have transmitted a disease, there is an entire absence of . 
histological proof that the disease so transmitted was disseminated 
sclerosis. In view however of Steiner’s monkey experiment it would 
seem advisable to continue experimental investigations with Macacus 
rhesus. Neither can we regard the finding of spirochætes in the 
hepatic vessels and ventricular fluid of inoculated guinea-pigs and 
rabbits as being of any decisive significance, in the absence of adequate. 
‘evidence that the animals which harboured the parasite were suffering 
from disseminated sclerosis. Moreover it is not fully known to what 
extent spirochstes occur in animals under different conditions of health 
and disease; they have been found, for example, by one of us (L.S.D.) 
in. the livers of apparently, healthy guinea-pigs, while according to 
Fiessinger they are present in human urine in over 2 per cent. of 
normal individuals. í : 

Adams in в recent contribution is inclined to support the spirochetal 
origin of the disease partly on clinical grounds, but mainly owing, first, 
to the presence in the cerebrospinal fluid of 95 per cent. of his cases of 
a luetic or paretic reaction to colloidal gold, secondly to the modifica- 
tions which this reaction undergoes under neo-salvarsan treatment, and 
thirdly to the. beneficial clinical effects of anti-syphilitic treatment in 
early cases of the disease. We feel however that until the rationale of 
the colloidal gold reaction’ is more completely understood, arguments 
based on the presence and- behaviour of the reaction are unsubstantial, | 
while in view of the remissions so characteristic of the disease the 
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beneficial effects claimed for any шегара measures must be treated 
wiih the greatest reserve. . \ 

Finally the finding of spirochetes in the @erebral hemispheres of 
two patients dead of disseminated sclerosis needs confirmation and 
amplification before we should be justified in accepting unreservedly 
the spirochstal origin of the disease. 

While therefore we are of opinion that in spite of recent investigations 
the origin and nature of the morbid agent has yet to be discovered, we 
believe that there are sound reasons, both clinical and histological, for 
the view which regards the morbid process underlying disseminated 
sclerosis as inflammatory .in character. 


CoNOLUSIONS. -- 


(1) It is useful to recognize two clinical types of disseminated 
sclerosis: (а) the remittent type characterized by acute exacerbations 
at widely varying intervals alternating with quiescent periods, and 
(6) the chronic progressive type. 

(2) In the present series (thirty-five patients) the proportion of 
remittent to chrdnic progressive cases ів ав віх is to one. 

(3) In early cases of the remittent type, once the acute disturbance 
has subsided, the patient may present, no clinical evidence of organic 
disease over prolonged periods. The possibility of spontaneous cure 
cannot therefore be entirely denied. 

‚ (4) The remittent type in its later stages tends to assume the 
characteristics of the chronic progressive type. 

(5) The great bulk of clinical.and histological evidence is opposed to 
the view that these two types correspond to two different pathological 
processes. On the contrary, they are to be regarded as manifestations 
of one and the same disease, namely, disseminated sclerosis. 

(6) Cultural and microscopic examination of the cerebrospinal fluid 
has in our hands thrown no light on the pathogenesis of the disease, 
and no specific organism has been isolated. 

(7) Our. attempts to transmit disseminated sclerosis from man to 
animals (rabbits) have been unsuccessful. 

(8) We regard the transmissibility of the disease from man to 
‘animals ав unproved. 

(9) We are of opinion that the evidence in favour of the assumption 
that the pathogenic agent is a spirochete is incomplete and in many 
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respects unsatisfactory, and we consider that the origin а 
the morbid agent must.for the present remain sub judi 
(10) We consider that the clinical and histological 
overwhelmingly in favour qf the view that the mo 
underlying the disease is inflammatory їп character. 


APPENDIX. 


буйн NOTES oF NON-FATAL OasEs. 


Case III.—H. B., girl, aged 18, domèstio servant. Admitt 
Hospital, Queen Square, on April 28, 1913. 

Family and past history: ‚ Ошу child. Two sisters stillb 
delicate. 
` . History of present illness : September, 1912: ТЕРТ ee 
failure of vision, so that.she could not see her hand held in fror 
October, 1912: Pain disappeared, vision improved so that sh 
get about; noticed difficulty in sitting up in bed unsupported. J 
Tremor of left hand when she used it; could not hold a cup v 
it-; the condition cleared up within three weeks. February, 
weakness of right leg, undble to walk without support si 
difficulty in holding her water, numerous " accidents" ; this li 
weeks, and was then replaced by hesitancy of micturition’, 
March, 1913: Paræsthesi® in right leg; never diplopia, dysa 
of emotional control. 

On examination, April 28, 1913 . Visceral examination nega 
mann reaction (blood) negative. Mental condition, normal. 7 
vo, right and left. Both discs-are pale all over, somewhat : 
pigment disturbed, edges’ clear (primary atrophy with prol 
antécedent сета). Hearing, normal. Cranial nerves : pupile 
genital concomitant strabismus; no diplopia; nystagmus -tc 
weakness right lower face, otherwise negative. Motor.—Hi 
natural. Upper extremities : no paresis; both:arms a little ш 

_ right: slight sensory ataxia on right; trunk muscles weak: по 
bilical excursion upwards. Lower extremities: considerable 
spasticity, right much weaker than left; no wasting or 
Gait: spastic, reeling and very feeble; cannot walk unsupporte 
Subjective: numbness right leg; girdle sensation. Objective 
reognosis and raised threshold to compasses in right hand; 
tactile and painful sensibility on right from fifth rib to middle ‹ 
loss of sense of passive position and movement in ankles an 
left; vibration much impaired in lower limbs.  Sphinoters 
mioturition. ‘Reflexes: all jerks very brisk, lower > upper ] 
dominals absent; both plantars extensor. 
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Progress: The patient got gradually: worse the whole time that she was 
under observation. July 21,1913: Numerous parmsthesie in all limbs and 
trunk; both legs very spastic and almést completely paralysed ;- lower 
abdominal muscles are also spastic and paralysed : numerous flexor spasms in 
legs ; sensory loss below fourth rib to touch and prick is increasing right > 
left; intention tremor has developed in both arms, left > right; profound 
asynergia and dysmetria; well sustained horizontal nystagmus; complete 
incontinence of urine and fæces , no bed-sores or pyrexia , vision om statu quo. 
December 8, 1913: Complete paraplegia in flexion; sensory loss to all forms 
below fourth rib is now profound, complete on rigkt, almost so on left; general 
condition remains fairly good in spite of incontinence. 
Summary: Sudden onset, remissions, partial recoveries, then steady and 
rather rapid progression downhill with few fresh symptoms. 


Case IV.—N. О., woman, aged 32, widow. Admitted to National Hospital, 
Queen Square, on October 31, 1918. ` 

Family history: Father dropped down dead, aged 43, from a ruptured 
aortic valve. Mother died of pulmonary tuberculosis. Several brothers and 
sisters alive and well. 

Past history: Good. Husband died, aged 29, of rheumatic heart disease. 
One daughter died of diphtheria; one boy, aged four, alive and well. No 
miscarriages. А 

History of present illness: Four years ago sudden attacks of severe 
rotatory vertigo without deafness or tinnitus; these persisted for two years. 
Three years ago noticed curious fleeting sensations of numbness in legs and 
tightness round waist, which have never quite disappeared. Four months ago 
woke up one morning and found that her left hand was completely paralysed 
and she had lost all feeling below the left elbow. The right hand was numb 
апа’ peculiar. She could not tell what she held in her hand unless she looked 
to see, and her writing became a scribble.- She also had a tight band across 
the stomach and both legs were weak and quite numb ; she could not feel hot 
or cold water in her legs, her walking was very ursteady “as if I was walking 
on air:” The legs have improved, feeling has returned and she can walk better, 
but cannot even stand unsupported in the dark. The right hand has not 
altered, but the loss of sensation in the left upper limb gradually extended up 
to the shoulder, so that the whole arm '' has an existence apart from me”; it 
isnot paralysed. No affection of vision, speech, or sphincters. 

October 31, 1913: Visceral examination negative; no developmental 
defects. Vertebral column healthy. Wassermann reaction (blood) negative. 

‚ Mental condition: normal emotional tone, good type. Vision: acuity, үт 
left, $ right; fields normal, temporal pallor of both discs, left > right. 
Hearing normal. Oranial nerves: well sustained slow horizontal nystagmus, 
otherwise normal. Motor: head and neck natural, no rigidity. Upper ex- 
tremities.—Right : hypotonia distally, no paresis with eyes open; no wasting 
or trophic changes; all finer movements of fingers characterized by overaction ; 
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fingers pem with eyes shut; sensory ataxy. Loft: profoun 
and complete inability to apply mugoular power with eyes shut ; 
Trunk. slight diaphragmatic weakness; nothing else to ш 
extremities: considerable weakness, left > right; no spasticity ; 
or obvious ataxy. Gait: weak and ataxic; Rombergism presen 
subjective—paresthesia, limbs and trank., On examination: о 
-to all forms below shoulder in left upper limb except algcmeter pr 
is recognized but not localized; loss of sense of passive positic 
ment is almost complete even at shoulder- -joint ; slight impairment 
sensibility in right hand below wrist; partial astereognosis right h: 
threshold raised, and sense of passive position and movement imp 
and fingers; to the left of the mid-line from the second cervi 
down to the foot there is profound loss to touch, pin-prick and 
and a similar condition prevails on the right below the umbili 
profound loss to vibration in left pelvis and lower limb, and a sligh 
in right pelvis and lower limb ; the sense of passive posture and 
normal in the right lower limb, but slightly defeotive in the left. 
natural. Reflexes: all tendon jerks brisk ; all abdominals absent ; | 
indefinite, but probably extebsor. i 

Progress: Two [months later the sensory loss over the left 
quite so deep, and the patient had some idea of the position of | 
tho ataxia with eyes shut was still very wild. The loss of deep 
both legs had increased and the gait was more ataxic. The: 
response was definitely éxtensor, the left-indefinite.. Otherwise n 

Summary. This case is regarded as doubtful, seeing that the c 
be explained by an extensive lesion in the upper cervical cord, suc. 
in syringomyelia. On the other hand the previous history of 
attacks, parasthesia, and the presence of temporal pallor poir 
semination of lesions, and renders the diagnosis of dissemina 
probable, although by no means certain. Attempts to trace this 
not been successful. 


Case Y—N. R., male, aged 89, fee ГРИ to Nation 
Queen Square, on Мой 8, 1918. 

Family history: Nothing of importance. 

Past history: When aged about 16 he injured the left shoulde 
dislocation) ; his arm wasted above the elbow and never recover¢ 
he contracted a wart-like, venereal sore which was Sg to be nc 
no evidence of syphilis ever developed. 

History of present illness : In 1899: he lost T sense of tast 
side and his tongue and face felt dead and numb. This disappes 
in a few weeks. In 1906 he had a severe attack of furunculosis 
convalescence he rather suddenly became aware of weakness of 
‘his gait became unsteady, and he often vomited. His‘legs ther 
weak that he could hardly get about, and he later developed : 
urgent micturition with frequent " accidents.” After some mont 


m 
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to improve, the diplopia disappeared, and his, legs recovered sufficiently to 
allow him to get back to his ranch and do his ordinary work. In 190f^he 
relapsed and could hardly walk unsupported; he*® was admitted to Queen 
Square and was found to have a typical spastic paraplegia, but no other 
‘physical.signs beyond wasting of the muscles round the left shoulder. During 
the past four years his condition has varied considerably, there have been no , 
new symptoms beyond weakness of the legs and loss of control over the 
bladder. 

November 3, 1918 : Good type and physique. Visceral examination 
negative: no evidence of syphilis. Wassermann reaction (blood) negative. 
Mental condition normal. Vision: acuity, чу right, 35 left; temporal pallor 
of both discs. Oranial nerves: horizontal nystagmus to right and left, other- 
wise negative. Motor.—Head and neck normal’; upper limbs normal, except 
+ for atrophic palsy of muscles round left shoulder and of upper arm, due to old 
injury; no tremor or ataxia. Lower limbs: severe spastic paraplegia; very 
little power at any joint, numerous flexor spasms. Sensory.—Subjective: 
ml. Objective: blunting of tactile sensibility in right leg; some loss of sense 
of passive position and movement in ankles and toes; vibration not tested. 
Sphincters: retention of urine; requires catheter. Gait: impossible. Re- 
flexes. all jerks greatly increased; all abdominals absent; both plantar 
responses extensor. 

Progress: Oondition unchanged two months later. 

Summary: Remittent type in early stages; in later stages assuming a 
chronic progressive course with absence of new symptoms. 


Case VI.—P. E., male, aged 27. Admitted to National Hospital, Queen 
Square, on August 15, 1918. 

Family and past history : Nothing of importance. 

History of present-illness: Seven years ago he developed diplopia, which 
persisted for six months. Soon after he had begun to see double he experi- 
enced difficulty in holding his water, and walked as if drunk. His walking 
gradually deteriorated, and he lost all control over his bladder, but after 
several months both these symptoms improved. The improvement, however, 
was not maintained, his walking became more unsteady than ever, and his 
hands began to shake so that he had difficulty in feeding himself. Later his 
head shook when he talked and his speech became affected. During the past 
five years he has got gradually worse, but no fresh symptoms have developed. 
Never parmsthesis or vertigo. 

On examination, August 15, 1918: Fair type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental 
gosginons Unduly sanguine ; defective emotional control. Vision : acuity, 
ws right and left (uncorrected); well-marked temporal pallor of both 
discs. Hearing normal.  Oranial nerves: jelly-like nystagmus with eyes at 
rest; coarse horizontal nystagmus on looking to right and left; weakness of 
left external rectus and diplopia on looking to left; typical scanning, staccato 
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speech, very tremulous, with explosive element well marked. Motor: head 
and neck, nodding tremor when unsupported, greatly accentuated when he 
talks; upper extremities no paresis, typical intention’ tremor right and left, 
dysmetria and asynergia readily demonstrable; trunk normal, can sit up 
without use of hands; lower extremities, tone increased, slight weakness of 


. dorsi-flexors at ankles, tremulous. Sensory: subjective and objective, nothing 


to note; vibration not tested. Sphincters: urgent micturition: frequent 
“ secidents.” Gait: reeling and drunken, characteristic of cerebellar inco- 
ordination; steps unequal in size and direction; no Rembergism. Reflexes : 
all jerks greatly increased; all abdominals absent; both plantar responses 
extensor. n 
Progress: Four months later in statu quo. : 

. Note: Chronic progressive type; prominence of cerebellar signs and 
symptoms. 


Case VII.—W. 8., male, aged 21. Admitted to National Hospital, Queen 
Square, on October 31, 1918. 

Family and past history : Nothing to note. 

History of present illness: Three years ago his arms ЕЕ to shake when 
he used them and his speech altered; a little later he walked as if drunk, 
The general unsteadiness of all four limbs and the affection of speech have 
since got progressively worse, and he laughs for hours together for no apparent 
reason. He has been absolutely helpless for twelve months, and more recently 
has lost control over his bladder. Never ocular disturbance or paræsthesiæ, ` 

On examination, October 31, 1913: Poor type and physique. Visceral 
examination negative. Wasserniann reaction (blood) negative. Mental con- 
dition . intelligence below the average; silly and giggling; laughs when spoken 
to and at his own tremor. Vision: acuity, $ right and left; temporal pallor 
of both dises. Cranial nerves: coarse nystagmus in all directions, no ophthal- 
moplegia; speech typical of advanced disseminated sclerosis, slow, staccato, 
explosive, and barely intelligible; some difficulty in swallowing, but never 
nasal regurgitation. Motor: no obvious paresis or tone changes ; even when 
lying he is a mass of oscillations ; tremor of head and limbs of extreme degree 
greatly accentuated by effort; unable to do anything for himself; dysmetria 
of upper limbs is well shown. Sensory. subjective end objective negative . 
vibration not tested. Sphincters: incontinence of urine, feels “call” and 
passage. ` Gait: impossible without support, attempts show wild cerebellar 
inco-ordination. Reflexes: all tendon jerks greatly increased ; all abdominals 
absent; both plantar responses extensor. 

Progress: One month later, 2% statu quo. 

Note: Chronic progressive type; profound cerebellar inco-ordination of 
speech and limbs. | 


Case VIII.—V. B., male, aged 84, shop-fitber. Admitted to National 
Hospital, Queen Square, on October 3, 1918. 
Family and past history good. 
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History of present iliness: Ten years ago the right atm suddenly became 
useless: it was not paralysed but he could поў control it properly nor 
distinguish what he held in his hand without looking. In three months 
the arm was perfectly well again. А little I&ter he became unduly emotional, 
laughing and crying for no reason; this has got much more obvious lately. 
A year and а half ago his walking rather rapidly became affected and his 
friends thought he was drunk (patient is в teetotaller); this symptom has 
varied considerably. Latterly his left foot has dragged and he tires easily. 
At the same time he noticed curious sensations of " tightness” and numbness 
in his face апа legs, followed by itching of the thighs; these lasted for 


- gix months. Recently he has had aching pain in both legs. Six months ago 


he experienced difficulty in holding his water; recently he has had difficulty in 
passing it, and has become impotent. He also noticed an alteration in his 
speech which became slow and awkward; this defect amuses him and he 
can always keep up his spirits by talking to himself. Four months ago his 
hands began to shake; his writing became bad and it took him half an hour 
to do his collar up. Two months ago his vision got rather poor, but has since 
improved. Never diplopia or vertigo. During the past eighteen months his 
condition has varied considerably and at times he seems almost well. 

On examination, October 8, 1913:- Good type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental 
condition: very intelligent; grossly defective emotional control; he laughs till 
he cries. Vision: acuity, $ partly, right апа: left; temporal pallor with 
fluffiness of inner edges of both discs, suggestive of preceding оета. 
Cranial nerves: horizontal nystagmus on looking to right and left; no 
ophthalmoplegia; coarse tremor of tongue ; “typical dysarthria, staccato, jerky, 
explosive. Motor.— Head and neck. coarse nodding tremor when sitting and 
standing; no loss of power in limbs or trunk, no spasticity ; well-marked 
intention tremor especially of arms, right > left: dysmetria and asynergia of 
both arms. Sensory.—Subjective: pains in legs. Objective: superficial 
sensation good; some impairment of sense of passive posture and movement 
in toes and ankles; vibration greatly impaired in pelvis and femora, lost below 
knees. Sphincters ` hesitancy of micturition. Gait: slight dragging of feet; 
«eeling and staggering, well marked disturbance of equilibration; no 
Rombergism. Reflexes: all tendon jerks greatly increased; all abdominals 
absent; both plantar responses extensor. _ 

* Progress: Two months later sn statu quo. 

Note: Remittent type of'ten years’ duration; early symptoms separated 
from later ones by,a long interval (eight years). Cerebellar manifestations 
& prominent feature. 


Case LX.—L. K., woman, aged 89, widow. Admitted to National Hospital, 
Queen Square, on November 25, 1913. 

Family and past history negative. Two children, no miscarriages. 

History of present illness: Two years ago began to have attacks of severe 
rotatory vertigo with headache and tinnitus in both ears; these gradually 
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disappeared and she has had none for over a year. Highteen months ago she 
had severe retro-ocular pgin and her vision rather rapidly failed, so that 
three months later she was only able to get about in familiar places. The 
condition has since remained st&tionary. One year ago she began to have 
trouble with the bladder, hesitancy of micturition alternating with precipitancy ; 
occasional "accidents." For the past six months she has noticed curious 
sensations in arms and legs, “ tightness,” numbness, " tiokling,” &c. Never 
dysarthria, tremor, or disturbance of gait." P 
- On examination, November 25, 1918: Normal appearance. X-ray of sella 

turcioa normal. Sugar tolerance normal. Wassermann reaétion (blood) 
negative. Visceral examination negative. Mental condition normal. Vision: , 
counts fingers correctly at 3 ft., right and left; large scotoma right and left . 
eye, extending into temporal more than into nasal field; both dises very 
pale—primary optic atrophy. Hearing normal. Cranial nerves: negative; 
no nystagmus. Motor: normal in every particular. Sensory.—Subjective : 
numerous paresthesia. Objective: normal; vibration not tested. Sphino- 
ters: urgent micturition. Gait: natural. Reflexes: all jerks rather 
exaggerated ; left abdominals normal, ан much diminished; bóth plantar 
responses flexor. 

Progress : One month later in dais quo. 

Note: Atypical case, but clear evidence of dissemination of lesions. Severe 
bilateral visual'feilure. 


Case X.—T. R., woman, aged 27, single. Admitted to National Hospital, 
Queen Square, on November 2, 1918. 
‚ Family history: Negative; one of a large family. 
‘Past history: Trivial accident to right knee eighteen months ago, followed 
by painful swelling of joint.: 

History of present illness: One year ago the right leg became weak and 
dragged, and she has not walked about for six months. Weakness of the left 
leg noticed quite recently. (N.B.—Patient is а very unreliable witness and 
can give no accurate account of her illness.) 

On examination, November 2, 1918: Poor type and physique. Visceral 
examination and vertebral column normal. Wassermann reaction (blood) - 
negative. Mental condition : poor intelligence; facile, fatuous and inattentive ; 
gross loss of emotional control; laughs at her own disabilities. Vision and 
hearing normal. Cranial nerves normal; no nystagmus or dysarthria. 
Motor.—Head and neck: natural. Upper limbs: no loss of power; both 
hands rather unsteady and tremulous; no very definite etaxia. Trunk: all 
abdominal muscles spastic and weak. Lower limbs: tone increased ; 
considerable weakness, especially of flexors; numerous flexor involuntary 
spasms ; spastic paraplegia. Sensory.—Stbjective: normal. Objective: difficult 
to test, ав examination amuses patient, rendering her.an impossible witness ; 
some impairment of both deep and superficial sensation below knees. 
Sphineters: urgent micturition. Gait: spastic, right leg > left. Reflexes E. 
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all jerks very brisk, especially in lower limbs; all abdominals absent; both 
plantar responses extensor. 

Progress: Two months later unchanged. 2 
· Note: Chronic progressive type; lesions not numerous. 
(J 


Case XI.—F. R., male, aged 28. Admitted to National Hospital, Queen 
Square, on Beptember 22, 1913. 
Family and pust history: Negative. 

. History of present illness: Two years ago his gait became unsteady and 
his right foot dragged. The condition has varied, but recently has become 
worse, so that he is unable to walk without support.- One year ago he began 
to have difficulty in voiding his urine, ‘but this hag now disappeared. His 
~ arms became shaky and weak, especially his right, and he had difficulty 
` in writing. Six months ago the vision in his left eye rather rapidly failed, but 

has improved recently. During the past three weeks he has been subject to 
attacks of severe giddiness accompanied by vomiting. Never dysarthria or 
diplopia; no paræsthesiæ. 

On examination, September 22, 1918 : -Good type, fair physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental: 
condition natural Vision: acuity, $ right, зс left; no note of ophthalmo- 
scopic examination. Hearing normal. Oranial nerves normal; no nystagmus 
or dysarthria. Motor—Head and neck normal. Upper limbs: no spasticity . 
power below normal, right > left; moderate intention tremor with dysarthria 
and asynergia, right > left. Trank normal. Lower limbs: spastic paraplegia 
in extension; right leg weaker than left; power in both greatly diminished. 
Sensory: subjective and objective normal; vibration not tested. Sphinoters 
natural, Gait: impossible without support; very spastic. Reflexes: all jerks 
greatly increased, especially in legs ; absent abdominals; both plantar responses 
extensor. f | 

Progress: Three months later the condition had vastly improved; the 
intention tremor of ‘the arms had largely disappeared and he could walk 
unaided. There was less spasticity, and the gait was more reeling and like 
that seen in cerebellar disease. 

Note: Remittent type; onset of different symptoms never very acute. 


* Case XII—E. T., woman, aged 35, married. Admitted to National 
Hospital, Queen Square, on December 11, 1918. 

Family history: Nothing to note. 

Past history: Has always been “ nervous”; two children alive and well; 
no misoarriages.. 

History of present illness: Four years ago she complained of pains in the 
legs, her walking became unsteady, and her hands shook at times. She also 
became unduly emotional, crying and laughing for no reason, and suffered 
from urgent micturition with occasional “accidents.” She remained in much 
the same condition for three years, varying round a more or less constant 


mean. Following a mental shock a year ago her walking became progressively 
BBAIN.—VOL, ХШҮ, 18 
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Worse and her hands shook when excited. She now complains of aching 
pains in hips and arms, and her feet feel stone cold. The emotionalism 
has almost disappeared. Wever octlar symptoms or dysarthria. 

On examination, December 11, 1918: Good type, fair physique. Visceral 
examination, negative. Wasserman reaction (blood), negative. Mental con- 
dition, normal; reserved, and good emotional tone. Vision and hearing: 
normal in every particular. Cranial nerves: nothing to note except ill- 
sustained nystagmus. Motor—Head and neck normal. Upper limbs: no 
loss of power; both hands are rather unsteady and: awkward, but there is по, 
true intention tremor or dysmetria. Trunk: very weak; cannot sit up with- 
out use of hands; abdominal muscles spastic. Lower limbs: spastic ih 
extension; gross loss of power, left > right; no wasting. Sensory.—Sub- 
jective: parssthesim in limbs, especially lege. Objective: slight loss to 
light touch and pin prick below knees, left > right; definite impairment of 


sense of position and movement at and below knees, right > left; vibration . 


impaired slightly below eighth thoracic spine, and barely recognized in pelvis 
and lower extremities, especially on right. Sphincters: urgency of both : feels 
“сай” and passage. Gait: very spastic; can walk a few steps’ without 
support; Rombergism present. Reflexes: all jerks exaggerated, lower > 
upper limbs ; all abdominals absent; both plantar: responses extensor. 
Progress : Condition unchanged two months later. 
Note: Chronic progressive type without exacerbations. 


' Case XIII.—J. B., male, aged 45, shop assistant. Admitted to National 
Hospital, Queen Square, on December 16, 1913. : © 

Family history negative. 

Past history: Always had good health; gonorrhea кешу, years ago; 
denies syphilis. 

History of present illness: Six years ago his right foot began to drag; this 
got worse for a year and has remained stationary since. Four years ago he 
rather suddenly lost the use of his left hand; he could move his fingers, but 
they seemed clumsy, and he. could not identify objects in his left trousers 
pocket. About the same time he had some difficulty in passing his water, 
which entirely disappeared after a few months. For the past three years he 


has been unnaturally nervous and apt to burst into tears, “a matter beyond P 


my comprehension." One year ago his left leg began to get weak; his left 


arm also became rapidly much worse, and he now loses it in bed and it gets 


out of control.” Also, " When I move my right hand up to my mouth, 
the left arm goes across and catches hold of it." His left. arm often feels 
numb and his feet cold. He has never noticed any loss of sensation in 
arms or legs. No defect of speech or vision, and no tremor. 
On-examination, December 16,' 1913: Good type and physique, rather 
stout.- Visceral examination negative. Wassermann reaction (blood) negative. 
Mental condition normal; no loss of emotional control detected. Oranial 
nerves normal; no ophthalmoplegia or nystagmus. Vision and hearing 


4^ 
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perfect. Motor.—Head and neck: no tremor, rigidity or wasting. Upper 
limbs: power at shoulder and elbow is impaired om left, but there is no sign 
of wasting and the electrical reactions are normal ; power in hand is normal, 
there ів a profound degree of sensory ‘ataxia in the left arm and tabetic 
athetosis ; in the right arm power is normal, except for flexors of wrists and 
fingers, which are definitely weak and wasted with lowered faradic excitability ; 
no ataxia or tremor. Trunk good. Lower limbs: both spastic and weak, 
right much more so than left; flexors weaker than extensors; no wasting. 
Vertebral column normal. Sensory.—Subjective: occasional tingling in both 
hands. Objective: complete loss to light touch over left cervical segments 
2to 5 andslight impairment over left ©. 6-and 7, and right O. 2 to 5; pin- 
prick and temperature lost or impaired over C. 2 to 7 on left, and C. 2 to 6 on 
right; profound loss of sense of passive position movement whole of left arm, 
complete i in hand; no threshold for compasses in left hand, which is com- 
pletely astereognostic ; threshold to compasses in right hand = 2'5 em.; no 
astereognosis; vibration lost in left upper limb, good in right, completely lost 
in spinal column below sixth spine, and impaired in left pelvis and lower limb. 
Sphincters natural. Gait: spastic, right leg > left; no ataxy or Rombergism. 
Reflexes : triceps jerks brisk, right and left; biceps and supinator present and 
normal on right, absent on left; all abdominals absent; both plantar responses 
extensor ; associated movements: are present in the upper limbs—e.g., grasp- 
ing with right-hand is associated with a similar movement in left. 
Progress: No change three months later. ' 

` Note: This must be regarded ав a very doubtful case. The patient insisted 
ою his loss of emotional control, but it was not demonstrable during the time 
that he xvas under observation. The rest of the condition can be explained by 
a central lesién of the upper cervical cord such as ocours in syringomyelia; at 
the same time neither the clinical course nor physical signs can be regarded as 
typical of syringomyelia. л 


Case XIV.—M. B., woman, aged 31, married. Admitted to St. Thomas’s 
Hospital on January 8, 1914. 

Family history negative. 

. Past history: Chlorosis at age of 15. Three children alive and well ;- one 
bwin gtillborn (difficult labour); no miscarriages. 

History of present illness: Eleven years ago she noticed pains Lad various 
odd sensations in her limbs, especially the left arm and leg, and simultaneously 
her walking became unsteady. A year later she became subject to sudden 
attacks of rotatory vertigo, in which she invariably fell to the left, accom- 
panied by headache and noises in the ears; she has had none of these attacks 
during the past two years. Ten years ago she began to have difficulty in 
holding her water; this has gradually increased, and she now has frequent 
“ secidents.” Eight years ago the paresthesia and difficulty in walking almost 
_ entirely disappeared, but after nine or ten months her walking rapidly got 
bad again, so that her friends thought she was drunk. At the same time she. 
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became unduly emotional and “laughed at everything.” These various 
symptoms have persisted) but vary enormously in their intensity from time to 
time, the improvements sometimes lasting for several months. On the whole, - 
however, her legs have got weaker, and for six months she has been unable to 
walk at all. Six months ago her left hand began to shake, and she had 
н in using & fork. Two months ago she was told that her speech 

"funny," but she never noticed any alteration herself. Three -weeks 
in she woke up with a squint, and has seen double ever since. : 

On examination, January 8, 1914: Good type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental con- 
dition: very intelligent; defective emotional control. ‘Vision: acuity, rs 
right, $ left; both discs pale all over and clear cut. Hearing normal. Oranial 
nerves: weakness right external rectus with internal strabismus; fine 
nystagmus of moderate speed with both lateral and vertical movements; no 
dysarthria. Motor.—Head and neck normal. Upper limbs: right normal; 
slight weakness of hemiplegic type on left, with intention tremor and 
dysmetria. Trunk normal. Lower limbs: spastic paraplegia in extension ; 
flexors much weaker than extensors and left much weaker than right. 
Sensory.—Subjective: numerous paresthesia. Objective: only loss dis- 
covered is to vibration, which is lost or impaired in pelvis and lower limbs; 
left > right. Sphincters: urgent micturition; feels "call" and passage. 
Gait: spastic and ataxic; well-marked disequilibration and dsynergia; no 
Rombergism. Reflexes: all tendon jerks much: exaggerated : abdominals 
absent; both plantar responses extensor. 

Progress: Six weeks later the gait was much improved and ane could walk 
a few steps unaided. 

Note: Remittent type with exacerbations and wide ЕТИН of 


lesions. i 


Case ХҮ.—Н. 8., woman, aged 25. Admitted to 86. Thomas’s Hospital on 
January 1, 1914. | Р pe МА 

Family higtory negative. - 

Past history: Asthma up to the age of 16. 

History of present illness: Highteen months ago woke up to find that she 
saw double, and that she could not shut the right eye, which was turned 
outwards. In six months time she was quite well again. Six months ago 
her walking rather rapidly became unsteady, and she reeled about as if drunk. 
One month ago her walking became much worse, the diplopia recurred, and 
the left arm suddenly became useless, so that she could not control it or feel 
what she held in her hand. She also noticed numbness of the right leg 
and aching pain in the right arm and left leg. Never dysarthria or айин 
disturbance. 

On examination, January 1, 1914: (Good type, poor physique.’ Visceral 
examination: congenital pulmonary stenosis ; no cyanosis; otherwise negative. 
"Wassermann reaction (blood) negative. Mental condition : intelligent ; 
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poor ,emotional tone; unduly sanguine. Vision: acuity, тї (corrected): 
right and ‘left; central scotoma for colour in both eyes; dises distinctly 
pale, especially in temporal halves. Hearing: mormal. Cranial nerves: 
weakness of right internal rectus; rapid nystagmus on looking to the 
right, otherwise negative; no dysarthria. Motor—lHead and neck: 
nodding tremor when unsupported. Upper limbs: good power; no inten- 
tion tremor; profound sensory ataxia .on left with tabetic athetosis. Trunk 
normal. Lower limbs: slight -spasticity with some weakness of flexors. 
Sensory.—Subjestive: paresthesia in limbs. Objective: superficial sensation 
perfect: profound loss of sense of passive position and movement in left arm, 
complete in fingers; complete astereognosis, no threshold . obtainable to 
compasses; vibration not tested. Sphincters natural. Gait: no obvious 
spasticity, but profound cerebellar inco-ordination; no Rombergism ; cannot 
walk without support. Reflexes: all Jorks іпогеввей ; all abdominals absent; 
both plantar responses extensor: 

Progress: Ten weeks later the walking had improved, but was still very 
inco-ordinated. Otherwise in statu quo. 
‘Note: Typical remittent type with wide dissemination of lesions. 


Case XVI—E. M., woman, aged 25, married. Admitted to National 
Hospital, Queen Square, on October 23, 1913. 

Family history: Mother died of “ creeping paralysis,” aged 47, 

Past history: Good. Three healthy children, no miscarriages. 

History of present illness: Six years ago, three:months after a normal 
confinement, her walking became unsteady, her left hand weak, and she had 
difficulty in passing her water. Nine months later all these symptoms 
became greatly aggravated, micturition became urgent, she developed diplopia, 
her sight began to fail, she lost control over her emotions, and had frequent 
boring pains in the legs. At this time she was admitted to the National 
. Hospital, when the note was as follows: Visual acuity, sz right and left, 
temporal pallor, nystagmus, intention tremor of arms, spastic paraplegia, with 
increased tendon reflexes, absent abdominals, and double extensor plantar 
responses. She rapidly improved, thé diplopia disappeared, and except for 
some slight unsteadiness on her legs she remained quite well for four years. 
Two years ago, three months after her third confinement, her walking rapidly 
deteriorated again, and she can now only get about the house by holding on to 
things. Six months ago micturition again became urgent, but there have been 
no ‘accidents.’ Two months ago she suddenly experienced difficulty in 
ggtting her words out and her head began to shake when she talked. Her 
right hand had also become shaky; and her legs go quite numb from the knees 
downwards. 

On examination, October 23, 1913: Good type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental con- 
dition: rather sanguine; no loss of emotional control. Vision: acuity, zy 
right, wz left: right disc generally greyish but whiter in temporal half, edges 


А 


poe 


196 ' ORIGINAL ARTIOLES AND OLINICAL CASES 
‘clear ; pm dise very whife and" atrophic looking. Hearing normal. Стапїа1- 
nerves: no ophthalmoplegia ; jelly-like nystagmus with eyés a rest: quick 
nystagmus of wide amplifude' on looking in all directions. Articulation slow, 
scanning, syllabic, and explosives slight tremor of tongue. Motor.—Head and ~ 
neck: nodding tremor ‘when unsupported. Upper limbs: no weakness ; 
intention tremor of moderate degree in both arms; well-marked dysmetria, 
right and left. Trunk: rather weak; no local palsy. Lower limbs: both 
a little spastic, considerable weakness, right > left, especially of flexors, 
and well marked intention tremor. Sensory.—Subjective: parsmsthesim in 
legs. Objective: no disturbance except slight impairment of sense of 
position in ankles and toes; vibration not tested. Sphincters: urgent 
‘micturition. ^ Gait: only possible with support; generalized tremor, 
reeling and drunken, slight spasticity; no Rombergism. Reflexes: all jerks 
‘greatly increased ; all abdominals absent; both plantar responses extensor. 

Progress : Unchanged two months later. 

Note: Typical remittent case; onset and exacerbation related to confine- 
ment. Generalized cerebellar ataxia. 


Сазе XVII.—L. E., woman, aged 34. Admitted to 5 Thomas' 8 ; Hospital 
on February 12, 1914. 

Family history negative. 

Past history: Rheumatic fever, aged 15. Always been ‘ ‘hysterical. á 

History of present illness: Two years ago her left arm and leg suddenly 
became weak; recovery within a week. Two months later she noticed that 
she was blind in the left eye, and began to experience tightness and tingling in 
the right arm and hand, which has persisted. Six months ago her walking 
became unsteady, especially in the dark. No dysarthria, diplopia, or sphincter ' 
trouble.’ 

On examination, February 12, 1914: Poor type, good physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental-condi- 
tion: highly suggestible; good emotional tone. Vision: acuity, тб left, $ 
partly right; concentric limitation of visual fields; left disc pale all over, 
edges ‘clear; right disc slight temporal pallor. Hearing normal. Cranial 
nerves negative, no nystagmus. Motor: No paresis or intention tremor; 
definite sensory ataxia of right arm with well-marked tabetic athetosis. 
Sensory: various disturbances of cutaneous sensation can be manufactured ‘or 
dispersed by suggestion ; compasses threshold 1'0 om. left palm, 8'0-to 3'5 om. 
right palm: astereognosis right hand and disturbance of sense of passive 
posture and movement; questionable impairment of deep sensation in right 
leg; vibration not tested. Sphincters natural. Gait’: slight tabetic ataxia of 
right leg; Rombergism present. Reflexes: all tendon jerks increased, right 
> left; all abdominals absent: right plantar response extensor, left flexor. 

Progress : The patient was readmitted, three months later with an hysterical 
gait, which disappeared under treatment. 

Note: Remittent type with superadded hysterical manifestations. 
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Case XVIII.—H. C., woman, aged 38. Admitted to National Hospital, 
Queen Square, on February 19, 1914. 

Family and past history : Good. Mild influenza two months ago. 

History of present illness: Three weeks, “ago the left hand suddenly “ went 
funny and' useless" so that she could not feel things properly, followed two 
days later by weakness of the left leg and urgent micturition. She had a 
severe headache which persisted for four days, and then gradually disap- 
peared. No vomit: ng, vertigo, or diplopia. The left hand now feels numb 
and cold. 

On examination, February 19, 1914: Good type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental con- 
dition, vision and hearing normal. Cranial nerves: no nystagmus; definite 
weakness of right lower face with emotional movements only; otherwise 
negative. Motor.—Head and neck normal. Upper lirabs: right normal; no 
paresis of left arm except when eyes are closed or limb is screened from view 
during testing ; tabetic athetosis of left hand with pronounced sensory ataxy 
of whole limb. . Trunk normal. Lower limbs: extended and adducted with 
some extensor rigidity, left much > right; some weakness especially of flexors 
on left, power good on right. Sensory: slight impairment Њо touch and pin- 
prick below left elbow; partial astereognosis of left hand, compass threshold 
{Б om. left palm; impaired sense of passive posture and movement whole of 
left upper limb, more marked distally; vibration not tested. Sphincters: 
- urgent micturition. Gait: spastic, left much greatér than right; no gross 
inco-ordination ; Rombergism negative. Reflexes: all tendon jerks exaggerated, 
left > right; abdominals diminished on left, normal on right; both plantar 
-responses extensor. - 

Progress: The patient rapidly improved. Оле month later the right 
plantar response was flexor, sphinoter control was normal, and the loss of deep 
sensibility in the left arm was much less. 

' Note: Early case; acute onset with lesions in spinal cord and subthalamic 
region, and rapid improvement. 


‘Case XIX.—F. G., woman, aged 23. Admitted to St. Thomas's Hospital 
on June 8, 1914. : 

Family history good. 

Рав history: Always high spirited. Six years ago had “ St, Vitus’s dance,” 
and “ could not control right arm " ; well in six weeks. Otherwise good. 

History of present illness: One month ago she experienced pains in both 
hands and forearms, especially the left, with numbness and loss of feeling. 
This got worse for four days until the hands were “useless”; they were not 
paralysed, but she could not feel what she held in her hands and dropped 
‘objects without being aware of it. The numbness bas now spread up beyond 
the left elbow. At the same time her. legs felt numb, and she felt aa if a belt 
were tied round her chest; both these symptoms rapidly disappeared. One 
week ago she had в sensation as if someone were pouring water down her 
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neck and it was trickling down .her left side, and she began to have. difficulty 
in holding her water, but has had no accidents,” No other symptoms ; 
walking entirely unaffected. 

On examination, June 8, 1914: Good type; physique — above average. 
Visceral examination negative. Wassermann reaction (blood) negative. 
Mental condition, vision and hearing normal ; first-rate witness. Oranial 
nerves: no ophthalmoplegia; slow nystagmus of moderate amplitude on 
conjugate deviation to the right ; otherwise negative. Motor: Head and neck 
normal. Upper limbs: there is no gross paresis, but on the left there is a 
slight but appreciable weakness of the biceps and flexors of wrist and fingers ; 
tested with the eyes shut there is an apparent weakness of all: muscles; no 
wasting or tremor; the movements of both hands, the left more than the 
right, are extremely awkward and suggestive of spasm, yet on' manipulation 
no spasm is present; there is well-marked sensory ataxia (left > right) with 
loss of direction, and with the arms outstretched and eyss closed the fingers 
and hands wander into all kinds of grotesque positions of which the patient is 
unconscious ; writing is only possible with the eyes open. Trunk and lower 
limbs: normal in every particular. Sensory.—-Subjective: numbness of both 
hands. Objective : slight impairment of tactile sensibility in left arm and 
hend, corresponding roughly to C. D and 6 segments; prick, temperature and 
localization perfect ; profound loss to compasses both hands, threshold 5 em. 
right, 7D om. left; vibration slightly diminished left hand and carpus, normal 
elsewhere; passive position and movement—profound loss distally in both. 
‚ upper limbs (left > right), good at shoulders; complets loss to size, shape, 
' weight and consistence in left hand, and almost complete loss in right. No 

disturbance in trunk or lower extremities. Sphinoters: precipitate micturi- , 
tion. Gait normal. Reflexes: all tendon reflexes active except left biceps 
jerk which is absent; abdominals present and equal, both plantar responses 
flexor. 

Progress: Three weeks later the left biceps jerk had returned, sphinoter 
control was normal, there was no appreciable disturbance of deep sensation in 
the right hand, and that in the left was much less intense. Nystagmus was ` 
still present. Six months later (January, 1915) the patient felt perfectly well, 
and the only physical sign was nystagmus on looking to the right. In’ 
January, 1920, the patient was seen.again; she had remained in perfect 
health, was married with two healthy children, and there was no physical 
sign of organic disease. 

Note: Sudden onset with symptoms pointing to baton of posterior columns. 
Ча upper cervical region. Rapid recovery and disappearance of all physical 
signs; in perfect health six years later. 


Case XX.—R. L, girl, aged 19. Admitted to St. Thomas's Hospital on 

June 2, 1914. * 
Family history ; Twin sister excitable and € 
Past history: Exoellent. 
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History of present illness: One'year ago she was noticed to be unduly . 
irritable and peevish, and complained of her legs feeling tired ;, shortly after- 
wards her walking become unsteady and she fell dowh if she attempted to run. 
Ever since she has staggered as if drunk amd now can barely walk without 
support. Af the same time she began to have attacks of uncontrollable giggling 
and laughing, and had difficulty in holding her wafer, with numerous “accidents.” 
She also complained of curious sensations in her legs, which felt numb and 
“too full.” Her hands also became unsteady, especially the left, во that she 
could not play the piano and her writing deteriorated. No alteration of speech, 
but her singing master noticed that her singing voice was shaky. No ocular 
symptoms or vertigo. The condition has slowly got worse, but no fresh 
symptoms have appeared. 

On examination, June 2, 1914: Good type and physique. Visceral ex- 
amination negative. Wassermann reaction (blood) negative. Mental condition : 
intelligent and observant; very sanguine and indifferent as regards her dis- 
abilities; defective emotional control. Vision and hearing, normal. Cranial 
nerves: inconstant-nystagmus on conjugate deviation, slow jerks on looking 
to the right, rapid to the left; otherwise negative; no dysarthria.  Motor.— 
Head and neck, normal. Upper limbs: по loss of power; moderate intention 
tremor, left much > right, with asynergia and dysmetria. Trunk: No weak- 
ness; combined flexion of hip and trunk well shown. Lower limbs: adducted 
and extended; considerable extensor spasm; weakness left > right, mainly of 
flexors at all joints and abductors at hip-joints; intention tremor present. 
Sensory.—Subjective: numbness of legs. Objective: cutaneous sensibility 
perfect; impairment to compasses and passive position and movement left 
lower limb; complete loss to vibration in lower limbs, profound loss in pelvis ' 
and lumbo-sacral spine, impaired in lower thoracic spine. Sphincters: urgent 
micturition. Gait: slighly spastic, left > right; Rombergism doubtful; 
general disequilibration, tottering and staggering; no synergic movement of 
arms; cannot bend back without losing balance. Reflexes: tendon jerks in 
arms exaggerated, in legs multiple; all abdominals absent; both plantar 
responses extensor. 

Progress: Two months later impairment of deep sensation in lower limbs 
had increased, Rombergism was definitely present, and walking was impossible 
without support. Nystagmus was constantly present, 

Note: Ghronio progressive type with wide diffusion of lesions in brain, 
brain-stem and cord. 


Case XXI.—I. W., woman, aged 25. Admitted to St. Thomas’s Hospital 
on August 27, 1914. 

Family and past history good. 

History of present illness: Six years ago she suddenly became blind in the 
left eye; after a week the sight rapidly returned. Just over a year ago she 
had a ‘‘ nervous breakdown,” the chief symptoms being severe aching pains in 
the legs and back, lassitude and emotional instability ; she has never been well 
since. Five months'ago she was drenched in в thunderstorm and caught & 
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chill; her legs felt numb and painful and she had pins and needles in her 
fingers. After a few days in bed she got up to find that her walking was un- 
steady, and this has got worse; she reels about like a drunken person and is at 
times unable to walk without assistance. Quite recently she has had attacks 
of rotatory vertigo. No diplopia, dysarthria, or sphincter trouble. , 

On examination, August 97, 1914: Good type and physique. Visceral ex- 
amination, negative. Wassermann reaction (blood) negative. Mental condition : 
unduly optimistic -and sanguine; defective emotional control. Vision and 
hearing normal; visual acuity is $ in both eyes, and both optio dises are of 
good colour. Oranial nerves: nystagmus on lateral movements, slow to the 
left, rapid to the right; otherwise negative. Motor—Head and neck: nodding 
tremor when unsupported. Upper limbs: no paresis; fine static tremor. 
Trunk: good. Lower limbs: no definite paresis; slight extensor spasticity. 
Sensory.—Subjective : paresthesia i in limbs, legs > arms. Objective, normal. 
Sphincters natural. Gait: very ataxic, reels about; profound asynergia, typical’ 
of cerebellar disease; no Rombergism: ‚ Reflexes: All jerks very brisk ; ч 
abdominals absent; both plantar responses extensor. = 

Progress: No changé two months later. Six months later patient was 
reported to have developed difficulty in talking and severe tremor of both arms, 
but these findings have not been ineluded in the statistical table. 

Note: Remittent type; no objective evidence of optic nerve lesion in spite 
of history of sudden amaurosis six years previously. 


Case XXII.—G. R., male, aged 22. Admitted to St. Thomas's Hospital, 
January 19, 1915. 

Family and past history, good. | 

History of present illness: Five years-ago his speech began to drawl and 
he experienced tight feelings round his knees. Later he began “ to get shaky 
all over," especially when exoited, and he “ got in а tangle with his words." 


His walking became unsteady as if he were drunk. In July, 1911, he was „> 


admitted to St. Thomas’s Hospital, when the following nots was made: Scanning 
speech, nystagmus, slight intention tremor of arms, cerebellar gait, exaggerated 
reflexes, double extensor plantar response. On discharge two months later he 


‘had much improved, He remained fairly well for three years, experienced no 


more paresthesia, and his walking at times seemed almost normal. Some 
months ago he noticed the vision of his left eye to be failing, and six weeks 
ago all his symptoms ‘gradually got much worse again. He became very 


emotional and excitable, his speech at times was barely intelligible, and his 


walking more unsteady than ‘ever. He also got very sleepy and seemed un- 


- naturally hungry. No vertigo, diplopia, or sphincter trouble. . 


On examination, January 19, 1915: Good type and physique. Visceral 
examination, negative. Wassermann reaction (blood) negative. Mental con- 
dition: excitable ; laughs at his own tremor. Vision: acuity, у left, $right; ` 
scotoma to colours in left eye in nasal field, not quite reaching fixation 
point ; temporal pallor of both discs, left > right. Hearing, normal. Cranial 
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nerves: horizontal nystagmus; weakness of right lower face, especially with 
emotional movements. Typical dysmetria, slow: syllabic, tremulous, mono- 
tonous, with overaction. Motor.—Head and ‘heck: to-and-fro ‘tremor, 
accentuated when he talks. Upper limbs: noeparesis ; slight intention tremor, 
especially with rapid movements; dysmetria and dysdiadokokinesis well 
marked ; breaks pencil when writing. Trunk: combined flexion of hip and 
trunk; ‘some tremor in sitting position. Lower limbs: no paresis; tremulous 
and awkward. Sensory: subjective and objective, normal. Sphincters, 
natural, Gait: staggering and reeling; gross asynergia; no Rombergism. 
Reflexes : all tendon jerks exaggerated; abdominals brisk and equal; right 
plantar response extensor, left indefinite. 

Progress: Unchanged four weeks later. 

Note: Remittent type with little tendency for development of fresh lesions. 
Cerebellar inco-ordination a prominent feature. 


Case XXIII.—H. O., woman, aged 27, nurse. Admitted to St. Thomas’s 
Hospital on February 1, 1915. ; 

Family history : Father paralysed in legs for thirty years. 

Past history good. 

History of present illness: Seven months ago suddenly developed diplopia, 
which persisted for four days. A month later she suddenly lost the use of 
her left leg and fell down in the street; the leg seemed absolutely numb. 
Two weeks later the power and sensation began to return, and in another two 

“weeks her walking was almost normal again. About this time she began to 
notice curious sensations in both legs and round her waist, "tight feelings," 
cramps, tinglings, &o. Three months ago she experienced urgency of mictu- 
rition and the left leg again suddenly became weak. No tremor, dysarthria, 
or vertigo. | 

` On examination, February 1, 1915: Good type and physique. Visceral 
examination negative. "Wassermann reaction (blood) negative. Mental con- 

‘dition normal; first-class witness. Vision and bearing normal, except for ao 
very doubtful temporal pallor of both discs. Oranial nerves: slow nystagmus 
on looking to left, otherwise negative. Motor. Head and neck, trunk and 
limbs, normal. Lower limbs: slight extensor spasticity with weakness of flexors 
on left, power good on right, no ataxia. Sensory.—-Subjective, paresthesia. 
Objective: normal in every particular. Sphincters: slight urgency of mictu- 
rition. ` Gait: weak and spastic, no Rombergism. Reflexes: all tendon jerks 
exaggerated, legs > arms; all abdominals absent; both plantar responses 
.extensor.  . fu ' 

Progress: Two months later both legs were more spastic and weaker. 

Note: Early case; remissions after acute exacerbations. 


Case XXIV.—H. W., man, aged 26, soldier. .Admitted to St. Thomas’s 
Hospital on February 3, 1915. 

Family and past history good. 

History of present illness: Ten weeks ago patient had a seizure and was 
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unconscious for an hour; on regaining consciousness he complained of severe 
headache and retro-ocular pain. A few days later he noticed that he was 
nearly blind in his right-efe. He remained in bed fora month owing to severe 
giddiness every time he moved, accompanied by vomiting. He also had diffi- 
culty in holding his water and had to answer the call the moment he felt it. 
Four weeks ago he noticed that his hands were unsteady, and he also had 
cramp-like pains in his legs. His general condition has recently improved. 

On examination, February 8, 1915: Fair type, good physique. Visceral 
examination negative. Wassermann ‘reaction (blood) negative. Mental con- 
dition : intelligent; unduly sanguine and distinctly emotional. Vision: 
acuity, sy right, & left; field in right eye is greatly contracted and there is 
no colour vision; there is a central scotoma involving the fixation point, 
spreading out into the temporal field more than the nasal; the field in the left 
eye is normal; the right dise is pale all over, the edges are slightly blurred, 
but there is no measurable swelling; the left is normal. Hóéaring normal; no 
vertigo now. Cranial nerves' except that the right pupil reacts rather slug- 
gishly to direct light the pupillary reactions are normal; weakness of right 
external rectus ; rotatory nystagmus on lateral movements, especially to the 
right; otherwise negative. Motor.—Head and neck, nodding tremor, when 
unsupported. Trunk and limbs: no paresis, hands are a little unsteady, but 
there is no true intention tremor: or inco-ordination ; writing is good. 
Sensory: no objective impairment. Sphincters: urgent micturition. Gait 
natural. Reflexes: all tendon jerks exaggerated; abdominals present and 
equal; both plantar fesponses flexor. 

Progress: A month later vision was unchanged. He feels depressed, but, 
‘laughs when spoken to. Urgency of micturition has increased with several 
“accidents.” Numerous fleeting parssthesim, especially in arms. Gait a 
little uncertain, but not definitely cerebellar 

Note: Early case; acute onset with loss of consciousness ; wide dissemi- 
nation of lesions. | f 


Case '. XX V.—O. W., woman, aged 87, married. Admitted to National 
Hospital, Queen Square, on February 15, 1915. 

Family history: Mother is “nervous.” 

Past history: Always of a nervous disposition. 

History of present illness: When pregnant fifteen years ago she noticed 
that her legs frequently twitched: this has persisted, and she has never been 
able to walk fast since, although not regarding this as а disability. Ten years 
ago her left eye rapidly became nearly blind; after a few weeks the sight 
returned, and she believes it is now quite good. Four years ago she had three 
severe attacks of rotatory vertigo, associated with vomiting and headache. 
Three weeks ago, after a thorough wetting, she had severe tingling followed 
by coldnéss and numbness extending up the legs to the waist; she also felt as 
if a tight band were round her weist. These sensations have gradually dimin- 
ished. Recently she has had slight frequency of micturition, but no urgency. 


^ а 
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On examination, February 15, 1915: Good type and physique. “Visceral 
examination negative. Wassennant reaction (blood) negative. ‘Mental con- 
dition, vision, and hearing normal; visual acuity is full in both eyes and there 
is no pallor of the discs. Cranial nerves пете. Motor.—-Head, neck, and 
upper limbs normal. ‘Trunk: weakness of muscles below umbilicus. Lower 
limbs: slight extensor spasticity and weakness of flexors. Sensory.—Sub- 
jective : ‘numbness from waist downwards. Objective : no definite impairment ; 
vibration not tested. Sphincters: natural Gait: spastic. Reflexes: arm 
jerks brisk; leg jerks greatly exaggerated ; upper abdominal reflexes present, 
lower absent; both plantar responses extensor. 

Progress: Six weeks later the gait had greatly improved, and the numb- 
ness had almost disappeared. 

Note: Remittent type extending over a long period; very little actual 
disability. 


Case XXVI.—H. T. man, aged 29, porter. Admitted to St. Thomas’s 
Hospital, April 28, 1916. К 

Family history negative. 

Past history : Typhoid fever, aged 95. 

‘History of present illness: Nine months ago he began to see double; this 
has persisted. Five months ago, when out walking, he suddenly became 
unsteady on his lege and nearly fell down; he had considerable difficulty in 
getting home. The same evening his left hand began to shake’so that he 
could hardly feed himself. Since then his walking and tremulousness have 
got worse, and his head shakes when he moves about. During the past 
month he has been subject to sudden attacks of rotatory vertigo without 
tinnitus or vomiting, in which he tends to fall to the left. Never dysarthria, 
paresthesia, or sphincter trouble. 

On’ examination, April 23, 1915: Fair. type, good physique. ' Visceral 
examination negative. Wassermann reaction (blood) negative. Mental 
condition: no loss of emotional control, but undue optimism and indifference 
to his disabilities... Vision: acuity, right uncorrected 2%, corrected 35; left $; 
fundi normal, except for myopia in right eye. Hearing good. Cranial nerves: 
pupils normal; slight ptosis on right, and weakness of right external and 
internal recti with diplopia ; coarse slow nystagmus in all directions ; otherwise 
negative; no dysarthria. Motor.—Head and neck: nodding tremor of head, 
increased by excitement and when he walks. Upper limbs: no paresis; 
well marked intention tremor, left > right, with dysmetria and dysdiado- 
kokinesis ; all movements clumsy and laboriously slow; no sensory ataxia. 
Trunk: combined flexion of hip and trunk well shown. Lower limbs: 
a little extensor spasticity; no paresis; intention tremor, left > right. 
Sensory.—Subjective: normal: Objective: slight astereognosis in right hand, 
with. lowering of compass threshold (2°5 ош.); no definite loss of passive 
posture and,movement; otherwise negative; vibration normal. Sphincters 
natural. Gait: tremulous, unsteady and. reeling; well marked asynergia ; 
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Rombergism negative. Reflexes: all tendon jerks exaggérated, legs > arms; 
all abdominals absent; bofh plantar responses extensor. 

Progress :'‘ Three months later his walking had enormously improved and 
his hands were much steadier. * 
Note: Early case; remittent type; cerebellar. manifestations prominent. 


s 


Case ХХҮП,-—М. F., woman, aged 21, servant. Admitted to 8t. Thomas's i 
Hospital on May 19, 1915., е 

Family history: Both. parents, two brothers and one sister all died of 
phthisis. 

Past history good. ^ 

History of present illness: Eight years ago her right hand suddenly 
became useless; she could not grasp things properly nor feel what she held. 
in her hand. Ten days later the right lég was affected and she stumbled 
when walking. This was shortly followed by the appearance of tremors in the 
arms, especially the right, which rendered dressing and feeding very difficult. 
Her speech also was said to have altered. In ten months all symptoms had 
entirely disappeared and she felt perfectly well..' Four years ago she had 
precisely similar symptoms, though not nearly so severe; after four months 
she again got quite well. One year ago she noticed curious sensations in the 
right arm and leg, which began to shake when she moved them; she could 
not identify objects in. the right hand, and her speech became slow and 
stammering. She improved for а time,. but six months ago got much worse 
and has gone downhill ever since. Her gait has become unsteady, she has 
difficulty in passing her water, and has become very emotional and unable 
tò control her feelings. Recently she has had attacks of vertigo. No ocular 
symptoms. i 

On examination, May 19, 1915: Good уре and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. "Mental `` 
condition intelligent; profoundly emotional and laughs inordinately at her 
own tremor. Vision: acuity normal; no ophthalmoscopic examination. 
Hearing good. Cranial nerves: fine nystagmus on lateral movements: 
typical ataxic dysarthria, slurring, staccato, monotonous, breathless.. Motor.— 
Head and, neck: well-marked nodding tremor. ` Upper limbs: no paresis ; 
well-marked intentio tremor and asynergia, right > left; tabetic athetosis of 
right hand. Trunk: combined flexion of hip and trunk well marked. ower 
limbs: no paresis or definite hypertonia ; intention tremor, right > left. 
Sensory.—Subjective: numerous parmsthesia. Objective: definite impairment 
of sense of position and movement in right hand with raised threshold to : 
: compasses (3'5 cm.) and partial astsreognosis ; otherwise normal. Sphincters : 
hesitancy of micturition. Gait: no spasticity; tremulous, reeling, and 
staggering: profound asynergia; no Rombergism. Reflexes: all tendon jerks 
exaggerated : all abdominals absent; right plantar тевронва flexor, left вайн. ` 

Progress: No change four weeks later. ' 

' Note: Remittent type; cerebellar manifestations prominent. 
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Case X XVIII.—M. 8., woman, aged 30, married. Admitted to St. Thomas’s 
Hospital on June 14, 1915. : 

Family history good. . . 

Past history : Always of & nervous ‘disposition. 

History of present illness: Nine years ago she had an illness diagnosed as 
chorea, during which “ her right arm shook whenever she used it”; in three 
months’ time she was quite well again: Three years ago she noticed that she 
frequently laughed and cried for quite inadequate reasons. At about the same 
time her walking became unsteady, as if she were drunk, and she had difficulty 
in holding her,water, with frequent “accidents.” After about twelve months 
these symptoms disappeared, but eight months ago they reappeared in a 
somewhat exaggerated form, together with & coarse tremor of the right arm, 
so that she had difficulty in writing and in feeding herself. Recently she has 


. had ‘attacks of rotatory vertigo without tinnitus, and the unsteadiness of 


gait, emotionalism, and loss of control over the bladder have become more 
pronounced. Never ocular symptoms, dysarthria, or parmsthesie. 

On examination, June 14, 1915: Good type, fair physique. Visceral 
examination: slight visceroptosis ; otherwise negative. Wassermann reaction 
(blood) negative., Mental condition: intelligent; very sanguine and facile; 
laughs at her own tremor; “my expression does not reflect my feelings.” 
Vision: acuity, right чу, left ё partly; fields not tested; whole of right dise 
pale compared with left, especially in temporal half; left disc physiological. 
Hearing-normal. _Oranial nerves: no ophthalmoplegia ; coarse nystagmus 
with lateral movements; no dysarthria. Motor.—Head and neck: to-and-fro 
tremor when unsupported. Upper limbs: slight weakness on right compared 
with left; no spasticity; typical intention tremor, right much > left; 
asynergia and dysdiadokokinesis, right > left. Writing shows pronounced 
dysmetria. Trunk: combined flexion of hip and trunk present. Lower limbs: 
slight extensor spasticity on right, with slight weakness of flexors; no definite 
paresis on left; no tremor. Sensory: subjective and objective, normal in 
every particular. Sphincters: precipitate micturition; frequent “ accidents.” 
Gait: can just walk without help; not obviously spastic, but reeling, titubating 
and very unsteady; no Rombergism. Reflexes: all tendon jerks greatly 
exaggerated, right > .left; all abdominals absent; both plantar responses 
extensor. 

Progreas : Two — later she -could walk round the ward without 
assistance, ‘but was otherwise tn siqiu quo. 

Note: Remittent type tending to chronic progression in later stages, 


` no sensory disturbances:in spite of wide dissemination of lesions. 


- Case XXIX.—EF. O’B., woman, aged 48, dressmaker. Admitted to St. 
Thomas's Hospital on June 16, 1916. 

Family history: One of ten children ; first three were stillborn, all others 
alive and well except patient and a younger sister, who is undeveloped both 
physically and mentally. 


4 
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Past history: Always "suffering with her nerves"; neurasthenia twelve 
years ago with numerous phobie and apprehensions. 

History of present ifiness: Ten years ago her "nerves" were bad, the 
sight of the left eye was affected and she had difficulty in holding her water. 
She improved after a few months, and remained fairly well for nearly three 
years. Seven years ago her left arm suddenly became useless; if was not 
paralysed, but she dropped things without knowing it and could not feel 
properly ; her gait beoame affected shortly after and she walked as if drunk. 
In six months time she had completely recovered, but a little later . her 
right arm became weak, she developed a squint i in the left eye and saw double, 
she had frequent attacks of vertigo, her right leg dragged, and she lost control 
over her bladder. The diplopia and vertigo disappeared after a year, and 
although her walking improved, the other symptoms have more‘ or less 
persisted, but her condition „has varied a great deal from time to time. 
One year ago she had а “nervous breakdown,” became unduly emotional, 
and lost control over the rectum. Six weeks ago she suddenly lost the use 
of both legs completely and has been in beg ever since. No dysarthria or. 
intention tremor. 

On examination, June 16, 1915: Neurotic type, good physique. .Small 
superficial bed-sore over sacrum. No pyrexia. Visceral examination: slight 
albuminuria; otherwise negative. Wassermann reaction (blood) negative. 
Mental condition : introspective ; poor emotional tone. Vision: acuity, right $, 
46% $ partly; fields full; right disc normal, left shows temporal pallor. Hearing 
normal. Cranial nerves: fine nystagmus on lateral movement; otherwise 
negative. Motor.—Head and neck natural. Upper limbs: slight weakness 
and spasticity, right and left; no intention tremor or ataxia. Trunk: weak 
with some rigidity of abdominal muscles. Lower limbs: almost complete 
spastic paralysis in extension with frequent flexor spasms. Sensory.—Sub- 
jective: girdle sensation. Objective: cutaneous sensibility perfect ; vibra- 
tion abolished in both lower limbs and pelvis; no loss of deep sensation in 
arms or hands. Sphincters: incontinence of urine and fæces; feels “call” 
and passage. Gait: impossible. Reflexes: all tendon jerks greatly exag- 
gerated: all abdominals absent; both plantar responses extensor. _ 

Progress: Two months later sn statu quo. 

Note: Duration ten years; remittent type; recent complete paraplegia. 


Case XXX.—A. K., girl, aged 16. Admitted to St. Thomas’s Hospital on 
June 22, 1915. 

Family and past history good. 

History of present illness: Five weeks ago in the course of three days she: 
developed shaking of the hands, drunken gait, attacks of vertigo and headache. 
The left thigh felt numb and she had pins and needles in both feet. During 
the past week the tremor of the. arms has nearly disappeared. No ocular or 
sphincter trouble. | 

On examination, June 22, 1915: Good type and physique. Verem exami. | 
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‘nation negative.. Wassermann reaction (blood) negative. Mental condition, 
vision and hearing: normal. Oranial nerves:: fine, rapid nystagmus on 
lateral’ movements; otherwise’ negative. Мобог.——#Теай and neck normal. 
Upper limbs: slight weakness of left grip; yo spasticity or wasting; coarse 
static tremor of hands; no true intention tremor or ataxia. Trunk good. 
Lower limbs: good tone; some weakness of dorsiflexion at both ankles; 
both limbs show tremor on sustained efforts. Sensory.—Subjective: 
numbness of both legs, right > left. Objective: normal except for diminu- 
tion of vibration sense below right knee. Sphincters natural. Gait: а 
little reéling and lurching ; steps unequal in length and direction ; no spasticity 
or Rombergism. Reflexes: all tendon jerks exaggerated; upper abdominal 
reflexes present, lower absent; right plantar response indefinite, left 
extensor. 

Progress: One month later the gait was almost normal, but the reflexes 
were unchanged. After-history could not be traced. 

Note: Early case; sudden onset tending to recovery. 


Case XX XI.—A. O., girl, aged 20. Admitted to 85. Thomas's" Hospital on 
June 94, 1915. ` | 

Family and past history: Nothing to note; patient is ап only child. 

History of present illness: Two years ago she suddenly developed a 
squint in the right eye with diplopia, headache, vertigo, and a tight feeling 
round the waist. A fortnight later she was well again. Six months later 
she had a precisely similar attack of the same duration. Two weeks later she 
had severe pain in the back of the neck and vomited; the following day the 
the right arm and leg were weak, she saw double, and when she closed her 
eyes felt ав if she’ were moving round and round. She also had difficulty 
in holding ber head straight, and in passing her water. 

On examination, June 24, 1915: Poor type and physique; bad teeth, 
adenoid facies ; pulse and temperature normal. Visceral examination negative. 
Wassermann reaction (blood) negative. Mental condition and vision normal. 
Hearing: normal on right ; watch heard at 6 in. on left; bone conduction > 
air ; perforation of left drum ; no mastoid tenderness; no tinnitus. Cranial 
nerves: weakness right external rectus with diplopia; fine nystagmus on 
looking to left, slow and coarse on looking to right; slight tenderness right 
lower face. -Motor.—Hesd and neck: the head is carried down with chin to 
the left; the head can be lifted but quickly assumes this “forced” attitude; 
no weakness or rigidity. Upper limbs: slight weakness with some flexor 
rigidity of right arm; all movements of the right arm аге remarkable for 
the slowness both of their initiation and execution ; attempts at rapid move- 
ments slow intention tremor and hypermetria; left arm normal. Trunk good. 
Lower limbs: slight extensor spasticity on right, with weakness of dorsiflexion 
at ankles; left normal. Sensory.— Subjective and objective, normal. 
Sphincters; definite hesitancy of micturition. Gait: spastic weakness of 
right leg with cireumduction at hip. Reflexes: all tendon jerks exaggerated, 
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right > left ; abdominals absent on right, just obtained on left. Right plantar 
response extensor, left flexor. Р 

Progress: Two weekselater the attitude of the head was normal, and the 
right hemiparesis was less marked. The diplopia persisted. 

Note; Remittent type with acute exacerbations. 


Case XXXII.—E. L., man, aged 37, ex-soldier. Admitted to St. Thomas's 
Hospital on June 27, 1915. 
` Family history good. ' 

Past history: Always enjoyed а. health. Fourteen years ago he 
һай a soft chancre, for which he was treated, but, not with anti- 
-syphilitic remedies ; married; wife has had two healihy’ children, and no 
miscarriages. 

History of present illness: Eighteen months ago while out walking the 
left: foot became numb and weak, and his left hand useless, so that he could 
not distinguish articles in his left hand trousers pocket. The next day he had 
diplopia, whioh persisted for two weeks.’ The condition of the left arm 
improved, but his leg got worse, his walking became unsteady, and he lost 
control over his bladder, and to в less extent over his rectum, sometimes 
having incontinence and at others retention; he was, also unable to feel the 
passage of urine but was conscious of a “ call.” Three months after the on- 
set he rapidly improved, and could walk two or three miles without feeling any- 
thing amiss in the left leg; beyond that distance hié leg would drag. The 
sphincter trouble almost disappeared. Nine months ago he relapsed again, his 
left arm and leg became weaker, he got progressively more unsteady on his 
legs, and again lost control over his sphincters. He also experienced various 
odd sensations ("tight feelings") all over his body and limbs, fleeting in , 
character, and became subject to attacks of rotatory vertigo without sickness 
or tinnitus. A month ago his condition underwent temporary improvement, 
but his walking is now. worse than ever, especially in the dark. 

On examination, June 27, 1915: Good type and physique; no evidence of | 
past syphilis. Visceral examination negative. Wassermann reaction (blood) 
negative. Mental condition: vision and hearing normal. Cranial nerves: no 
ophthalmoplegia ; rather coarse nystagmus on lateral movements; slight but 
definite dysarthria, slurring, halting, staccato. Motor.—Head and neck normal. : 
Upper limbs: right normal; slight weakness. of extensors on left, but nó . 
rigidity ; no tremor or cerebellar ataxy ; slipht sensory ataxy on left with 
tabetic athetosis. Trunk good. Lower limbs: slight extensor spasticity with 
weakness of flexors on left ; sensory ataxy of both legs : no loss of power on 
right. Sensory.—Subjective: girdle sensation and numbness of left, leg. 
Objective: cutaneous sensibility is lost or impaired down back of left: lower 
limb, sacral segments 1 to 5; otherwise normal. Deep sensation: slight loss 
of passive position and movement in left hand and wrist, compass threshold, 
raised on left (1°5 cm. left palm, 0°75'om. right palm), partial astereognosis left 
hand. Moderate loss of sense of position and movement, especially peri- 
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pherally in lower limbs, left > right, but not sufficient to account for the high 
degree ofinco-ordination. Vibration impaired in left pelvis, but within normal 
limits elsewhere. Sphincters: difficulty in feeling péssage of urine and faces ; 
hesitancy of micturition alternating with argency; anal reflex present; 
absolute loss of sexual power. Gait: can just walk a few steps unaided ; 
Rombergism present; the gait is ataxic and reeling and combines the features 
of both tabetic and cerebellar inco-ordination. Reflexes: all tendon jerks 
increased, legs > arms. All abdominals absent. Both plantar responses 
extensor. j 

- Progress: Three weeks later in statu quo. 

* Note: Remittent type with little tendency to the formation of lesions in 
fresh localities; involvement of cord in sacral region. 


Case XXXIIL—E. T., man, aged 30, policeman. Admitted to St. 
Thomas's Hospital on July т, 1915. 

Family and past history good. 

History of present illness: Two years ago he noticed a mist in front of his 
left eye, which has persisted. Nine months ago his legs quite rapidly became 
weak and he had difficulty in getting about. His walking has varied consider- 
ably since then, but on the whole 16 has got worse. Hight months ago he 
developed urgent micturition with occasional “ accidents.” More recently he 
has noticed numbness down his legs and his speech has got slow and jerky. 
Recently the sphincter trouble has improved; no '" accidents ” lately. ' Never 
diplopia, tremor, or emotionalism. 

On examination, July 7, 1915: Good type and physique. Visceral 
examination negative. Wassermann reaction (blood) negative. Mental 
condition and hearing. normal. Vision: acuity, § right and left: large 
central scotoma in left eye, involving fixation point, especially to colours; left 
disc is pale all over, edges clear; right disc normal. Cranial nerves: no 
nystagmus or ophthalmoplegia ; slight ataxic dysarthria, slow, staccato, and 
explosive. Motor.—Head and neck, trunk, upper limbs, normal; no tremor. 
Lower limbs: slight extensor spasticity and weakness of flexors, left > right; 
no ataxy. Sensory.—-Subjective, numbness in legs. Objective, normal. 
Sphincters; urgent micturition. Gait: spastic; no Rombergism or ataxy. 
Reflexes: all tendon jerks exaggerated, legs > oes all abdominals absent; 
both plantar responses extensor. 

Progress ; No material change four weeks ee 

Note: Remittent type in early stages tending to become slowly 
progressive, i 


` Case XXXIV. —0. R., woman, aged 25, married.‘ Admitted to 86. 
Thomas's Hospital on November 16, 1920. 

Family history unimportant. 

Past history: Since the age,of 14 has been subject to attacks of headache 
and giddiness, with vomiting, diarrhosa and faintness. 

History of present illness: Four years ago a few hours after having had 
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Some teeth out under gas she ‘came over queer" and was unable to see or 
speak for some minutes : „Ше next day her walking was unsteady. This un- 
steadiness has persisted “off and on ever since, but varies a great deal; for 
weeks together she will walk as 4 drunk, and then get nearly well again. She 
is always much worse in the dark. Three years ago the right hand suddenly 
became useless; she could move it but could not feel things properly with it. 
After six weeks it improved, but has never got quite well. Twelve days ago 
she woke up to find thas she was cold and numb all down the left side, and 
her left arm was useless although not paralysed : the left leg seemed weak and 
her walking more unsteady than ever. She also felt as if she had а tight 
band round: her waist. Four days later she felt as if hot water were being 
poured down her left side. Recently she has had attacks of rotatory vertigo. 
Never speech disturbance, diplopia, or sphincter trouble. 

On examination, November 16, 1920: Good type. General condition good. 
Thoracic and abdominal viscera negative. Wassermann reaction (blood) 
_ negative. Mental condition: rather sanguine and optimistic, but no loss of 
emotional tone; condition is not abnormal. Vision normal in every particular. 
Hearing normal. Vertigo: objects move from left to right. Oranial nerve 
normal, no nystagmus.  Motor.— Head and neck normal Upper extremities ; 
no loss of power on right or intention tremor ; slight tabetic athetosis of right | 
hand and some sensory ataxia; power on left is subnormal, but with eyes shut 
this .defect is greatly accentuated ; wild sensory ataxia on left. Trunk: good. 
. Lower extremities: right normal except for slight spasticity; left, consider- 
able spasticity with weakness, especially of flexors. Sensory.—Subjective: 
paresthesia trunk and left arm and leg. Objective: cutaneous sensibility, 
everywhere perfect. Profound loss of deep sensation in left upper limb; she 
has no idea of the position of the limb and loses it in bed; no threshold to 
compasses, complete astereognosis; localization perfect, vibration impaired 
below left elbow. Slight astereognosis in right hand and raised threshold to 
compasses (95 om.). In the left lower limb there is some disturbance of sense 
of passive posture and movement with loss of vibration reaching up to the left 
pelvis; vibration much diminished in right pelvis and lower extremity, . 
Sphineters natural. ‘Gait : spastic and ataxic; Rombergism present: no 
cerebellar inco-ordination. Reflexes: all jerks increased, especially in legs ; 
abdominals all absent :'both plantars extensor. ` 

Progress: Two months later (January, 1921) the condition had greatly 
improved ; the loss of deep sensation in the left arm was diminishing, she no 
longer loses the limb, and could use a fork in the left hand and dress herself. 
Reflexes unaltered. April, 1921: improvement maintained; no loss of passive 
position and movement is demonstrable in’ left arm, there is no sensory ataxy, 
and the patient says that this limb is now better than its fellow. The 
‘gait is much improved, the “ght PRA response is flexor and the left 
extensor. 

Note: Hénditent type, lesione appear almost pantined: to spinal cones 


remarkable recovery from most recent lesions. А 
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Case XXXV.—L. H., woman, aged 25, domestic servant. Admitted to 
St. Thomas’s Hospital on November 10, 1920. 

Family history: Mother very “nervous”; one sister has had chorea. 

Past history: Nothing of importance. e : 

History of present illness: Ten years ago she woke up one morning to find 
that her right arm was ‘useless and her right leg was weak. The leg got well 
in в few days, but the arm remained bad for four months; it was not paralysed, 
but felt numb and cold, and she could not use it properly. Ever since she 
has been subject to parssthesie in the right arm and leg. Six years ago she 
suddenly developed an internal squint in the left eye and saw double: this 
condition persisted for three weeks and then passed off. Five years ago after 
an attack of influenza her legs became weak and her walking unsteady; com- 
plete recovery in six weeks. Three years ago her legs began to get weak again, 
and she had pain in her legs and pins and needles round her ankles. Нег 
walking gradually became worse, so that her feet dragged and she had to go 
about with the aid of а stick. The weakness of the legs has varied consider- 
ably in the past three years, but has never entirely disappeared. Latterly the 
legs have felt cold and numb. Two'months ago she again saw double, and a 
little later experienced pain behind the eyes, especially the left, which rapidly 
became blind; the vision is now returning but things "look black out of the 
left eye.” During the past three weeks she has been subject to attacks of 
rotatory vertigo. No affection of speech or sphincters. __ 

On examination, November 10, 1920: Thoracic and abdominal viscera 
negative. Wassermann reaction (blood) negative. Mental condition normal, 
perhaps a trifle sanguine. Vision: right, acuity $, fields normal, temporal 
pallor of disc; left, acuity sẹ, large scotoma, disc edges all blurred, swelling 
1'5 D.; no hemorrhages (retro-bulbar neuritis). Hearing normal. Cranial 
nerves: pupils normal; weakness left external rectus; well-sustained hori- 
zontal nystagmus ; otherwise negative. Motor.—Head, neck, trunk, and upper 
extremities, nothing to note. Lower extremities: slight spasticity, weakness of 
. all flexors ; loss of' power is greatly accentuated if legs are soreened from view 

during testing; considerable ataxy of tabetic type. Sensory.—Subjective: 
numerous paræsthesiæ, especially in lower limbs. Objective: cutaneous sensi- 
bility everywhere normal ; no loss of deep sensation in upper limbs ; vibration 
-——complete loss below knees, profound loss in femora and pelvis; sense of 
passive posture and movement gravely disturbed in lower limbs, especially 
‘peripherally. Gait ataxic and spastic; Rombergism present.  Sphinoters 
natural. Reflexes: arm-jerks brisk; knee-jerks greatly exaggerated; ankle- 
jerks diminished ; all abdominals absent; both plantars extensor. 

Progress: Two months later the vision in the left eye was у, the scotoma 
had contracted, and there was no cadema of the disc, which was pale all over. 
The diplopia had disappeared, the legs were stronger, and the walking had 
improved. The right plantar response was less definitely extensor than on 
admission. - 

Note: Markedly remittent type with exacerbations and recoveries. 
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THE EXPERIMENTAL. STUDY OF DISSEMINATED 
SCLEROSIS. 


BY W. Е, GYE. 
From the Nattonal Institute for Medical Research, 

THE history of-the experimental study of disseminated scleros 
begins with the publication of a paper by myself [1] in 1913. Tk 
. paper was а report of experiments in which rabbits and one cat wei 

injected with cerebrospinal fluid, filtered and unfiltered, taken from 
rapidly progressing саве оѓ the disease. Several of the rabbits becam 
paralysed and the conclusion was drawn that disseminated sclerosis 

caused by a filter-passing organism, or by a water-soluble poiso 
present in the cerebrospinal fluid. ' 

The results of the experiments have been confirmed by Kuhn an 
Steiner [2], Simons [9], Marinesco [5] and by Rothfeld, Freund an 
Hornowski [7]. І б 

Kuhn and Steiner were able to transmit the disease to guinea-pig 
as well as to rabbits; in опе set of experiments they achieved fou 
successful passages through guinea-pigs and, in another set, tw 
through rabbits. This constituted & notable advance and provide 
solid grounds for the'belief that disseminated sclerosis is an infectiou 
disease. More important still, they observed a spirochste in the bloo 
of the paralysed rabbits‘and guinea-pigs. The organism was describe: 
as resembling closely the leptospira of Weil’s disease; it could b 
stained with Giemsa’s stain and with Loeffler’s flagella stain, and wa 
blackened in tissues by Levaditi’s silver method. Kuhn and Steine 
have put forward the claim that the spirochæte they describe is th 

‘essential ætiological agent in multiple sclerosis. 

Siemerling [8] observed a similar organism post mortem in th 
‘cerebral lesions of а patient who suffered from disseminated sclerosis 
but who died of an intercurrent facial erysipelas. 

Rothfeld, Freund and Hornowski, in а critical paper, give а 
account of the transmission in series of nervous disorders in rabbits anc 
guinea-pigs. These authors made an exhaustive bacteriological ant 
histological study of the animals which were killed or which died in thi 
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course of their work. The bacteriological results were uniformly 
negative; they were unable to find Kuhn and Steiner's spirochaete, 
though all the usual methods of search were employed. The chief 
pathological features of their animals were the frequent occurrence of 
coccidiosis, pulmonary inflammatory lesions, cellular infiltration of the 
kidneys and of tuberculosis. The failure to find a spirochete and the 
frequent occurrence of coccidiosis and of inflammatory lesions led the 
authors to reject the obvious conclusion that the transmission of 
paralysis in series—beginning with cerebrospinal fluid as the primary 
inoculum, and continuing with organ emulsions from affected animals— 
was evidence of the existence of а living virus in the cerebrospinal 
fluid; they consider that the close analysis of the anatomical patho- 
logical findings—the non-specific character of the changes found, the 
constantly negative bacteriological results, the fact that the intensity 
of action of the inoculum gets weaker in successive passages and that 
in some of their animals disease and death were caused by (or associated 
with) coccidiosis or tuberculosis—points definitely against the simpler 
interpretation. The difficulties met by these authors are inevitable in 
such experiments, and, of course, compel caution in drawing conclusions. 
But there are other and more likely fallacies in- the work, as will be 
shown later. The substance of the published work may thus be divided 
into two parts: first, the transmission in.series to animals; and 
secondly, the discovery of а spirochete in affected animals and the 
observation of а similar organism in the cerebral lesions of man. The 
first part only will be discussed in this paper. The second part, 
together with the histological changes in the affected animals, will be 
dealt with later. 


EXPERIMENTAL. 


During the past twelve months I have injected rabbits and in a 
few instances guinea-pigs with cerebrospinal flüid obtained from 
twenty-one cases of disseminated sclerosis. All the cases were carefully 
selected from a large number of patients and each exhibited some or 
all of the classical signs of the disease, namely, partial or complete 
paralysis, with Babinski’s sign, nystagmus, intention tremors and 
staccato speech. The cerebrospinal ‘fluid in every case gave a negative 
Wassermann reaction: for carrying: out the test in а number of cases 
Iam indebted to Dr. Paul Fildes. 

The total number of rabbits injected was “129, and of guinea-pigs 
15. The guinea-pigs remained in good health and none ever showed 


THE EXPERIMENTAL STUDY OF DISSEMINATED SOLEROSIS 215 


signs of paralysis; 17 of the rabbits became ill and paralysed and 112 
remained in good- health, or if they became ill or died the cause was 
not clearly connected with the experimental injection. 

Of the twenty-one sets of experiment in which rabbits were injected 
with cerebrospinal fluid—the numbers varied from two to six in the 
experiments—fourteen , were completely negative or, when illness 
occurred, there were such complications as diarrhea or extensive 
coccidiosis. · Under such circumstances the experiment was written 
off as negative. 

The seven sets of positive experiments. may be divided into groups 
of four and three respectively. In the first group attempts to transmit 
the disease in series failed; in the second group transmission for two 
or more passages was successful. Two of these experiments will be 
given at length. . 

Case No. 4.—The patient, K. B., a girl of 18, was lumbar-punctured 
on August 8, 1920. The cerebrospinal fluid issued under pressure 
and was clear and colourless; the cell count was not increased. 

On the same day four young rabbits and two guinea-pigs were 
injected with the fluid. Rabbit 1 received } с.с. subdurally; Nos. 2 
and 3, $ с.с. into the thigh muscles; No. 4,1 c.c. subcutaneously. The 
guinea-pigs were injected intramuscularly and subcutaneously, each 
with 1 c.c. Rabbits 9, 8 and 4 and both guinea-pigs remained in 
good health and were killed three months later. On the morning of 
August 6, Rabbit No.1 was noticed to be ill and weak in the fore- 
limbs, the animal was unable to hold up its head, which was wet and 
soiled with the morning’s feed. The animal got rapidly worse and 
was killed in the afternoon of the same day. Post mortem nothing 
abnormal was noticed in the thorax and abdomen; the surface of the 
brain was redder than usual. Cultures were made in broth and serum 
broth from the heart blood and the brain: they remained sterile for 
seven days. Cerebrospinal fluid was taken aseptically from the fourth 
ventricle diluted, and injected subdurally into two normal rabbits. 
Pieces of brain were excised, minced with sharp scissors and injected 
intraperitoneally in doses of { c.c. into four rabbits. 

Of the six rabbits inoculated four remained in good health; they 
were the two which had been injected subdurally with cerebrospinal 
fluid and two of the four which had received brain emulsion intraperi- 
toneally. Of the two remaining animals one was found dead on the 
morning of August 8; extensive coccidiosis was found post mortem and 
the animal was discarded. ; 
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The remaining rabbit remained:in good health. until August 12, 
when it was noticed tobe quiet. On-the following day it was аа | 
dead. The course of the illness was thus not observed. 

Post mortem.—Heart and lungs were normal. The liver and keni 
were small. The inoculum of brain emulsion was found and films 
made from it were stained for bacteria, and none were found. The 
surface of the brain was deep pink in colour; on section no hæmor- 
rhages were found. Heart blood culture was negative. 

Two rabbits were injected intraperitoneally with an emulsion of 
brain; one of the animals remained in good health, the other died on 
September 23, 

Post mortem. —Nothing abnormal was found.in the thorax: in the . 
abdomen there was а. large excess of clear colourless fluid, which 
clotted after incubation for one hour at 37° C. The surface of the 
brain was congested. 

Four rabbits were inoculated intraperitoneally with the brain ; they 
remained in good health and were: killed three months later. І 

The course of the experiment is summarized in the following chart, 
where О indicates that the animal remained in good health, + signifies ; 
died, and Z means ai 


` 


Онавт І.--К. B., AucusT 8, 1920. 





К. B. Rabbit No. : 1 2: 8 4 
1А 8.р. LM. І.М,  Bub.out, 
8.8.90 Z 6.8.20 `0 0 (0 
Li | " 
xs. | 
~ 2A Rabbit No. : 1 2 9 "7 4 5 6 
| . 8.р. S.D I.P. LP LP I.P 
6.8.20 0 0 0- E: 0 КЕ 
| 8.8.20 13.8.20 
(discarded) 
1 
zs | 
Ba Rabbit No. : 1. 9 . 1 
I.P. LP. 
18.8.20 0 T 28.9.20 
its 
4A Rabbit No 1 2 8 4 
23.9.20 I.P. LP I.P LP 
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Case No. 6.—The patierit (М. К.) was a woman aged’ 36, who ht 
suffered from disséminated sclerosis for four yegrs. She was unable : 
walk; the legs were contracted. A lumbar puncture was made c 
September 3, 1920. The fluid poured out copiously and was cle: 
and colourless. There was no excess of cells; the Wassermann reactic 
was negative. | 

On the same day six rabbits and four guinea-pigs were injected wit 
the cerebrospinal fluid. Thé guinea-pigs remained in good health an 
were killed after three’months. Of the rabbits three were injecte 
into the muscles of the thigh, one was injected intravenously, or 
intraperitoneally and one intra-ocularly. Only the last rabbit eventual] 
showed any symptoms, the other five remaining in good health. 

The animal which had been inoculated intra-ocularly was found i 
and paralysed on the morning of September 27; it got worse durin 
the day and was killed in the afternoon: Post mortem nothin 
abnormal was found in the thorax; in the abdomen, a moderate degre 
of coccidiosis. Four normal rabbits were injected with brain emulsio: 

Of these four rabbits one died during the week-end, October 20, an 
was thrown away. 

On October 27 one was found paralysed and dying; this animal ha 
been distinctly ill from October 20. Post mortem the heart and lung 
‚ were normal; the liver was small, the stomach empty, the bladde 
was enormously distended with urine and the large intestine full c 
feces. The brain surface was pink. Heart blood cultures remaine 
sterile for seven days. 

Five normal rabbits were injected intraperitoneally with an emulsio 
of the brain. The course of events in these rabbits may be seen i: 
Chart II, from which it will be noted that all the animals becam 
affected and were killed or died. One, however, No. 5, suffered fror 
diarrhoea and was found post mortem to be extensively affected wit 
coccidiosis. This animal must therefore be disregarded. 

The rabbit from which the next series of inoculations was mad 
(No. 1) was ill and tremulous on November 1; the following day i 
was much worse, unable to raise itself or to move its limbs; the hea 
was retracted. Post mortem nothing abnormal was found in th 
thorax; in the peritoneal cavity there was a large excess—amountin, 
to 80 с.с. roughly—of clear colourless sterile fluid which clotted о: 
standing at 37° C | 

Four normal rabbits were injected intraperitoneally with a 
emulsion of brain; two of these survived indefinitely, and two diec 
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The two latter animals were examined post она and, ав in the 
cases above, no obvioug cause of death could be found. "Cultures were 
made of heart blood, peritoneal exudate and cerebrospinal fluid ; all 
were negative. Further passages were not attempted. j j 
Another passage, 4B, was made from an animal which was killed 
on November 3, after an illness lasting’ twenty-four hours Three, 
rabbits were inoculated: one died on November 8, and one on the 12th; 
post mortem, examinations failed to reveal the cause of death; there 
was an excess of sterile fluid in the peritoneal cavity ; the heart blood 
and cerebrospinal fluid were sterile. The third rabbit was killed on 
November 25 for another purpose; it had shown no signs of disease. 
The experiment is summarized in char II. 


Ouant П.—М. K., SEPTEMBER 8, 1920. 


М, К. ‘ ` 
1А Rabbit Мо: 1 а 8 4 5 6 
I.M. LM. LM. I.P. LO. LV. 
8.9.90 ` 0 0 0 б 0 
Н imn Е Z ‘ 
> ' 
M. K. 279.20 
- * Za 
d» ——— 
Rabbit No.:' Pe 95 058 4 
7 E 3 IP. LP. ІР. ІР. 
+ + 0 0 
Week. Il 
end Z 
` ' . Oct. 20 Oot, 27 
М, K., Oot. 97. 
Ba 
Rabbit No.: 1 2 8 © 4 5 
Е ІР І.Р, ІР, І.Р. LP 
n + | 
Nov. à Nov. 8 Nov. 8 Nov. 8 Nov. 8 
very ill ` very ill (diarrhoea) 
M. K., Nov. 9, M. K., Nov. 8 
4a 4B > 
MÀ at M  .-— А 
Rabbit No. : 1 2 8 4 1 р 2 8 
` IP. IP. ІР. ІР. Ip. - ІР. LP, 
+ + 0 ло + + о, 
Nov.11 Nov. 19 А .Nov.8 Nov.12 Z Nov. 95 z 
DISCUSSION. ; 


It has been found that rabbits injected with cerebrospinal fluid 
taken from савев' of disseminated sclerosis, have in some instances 
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developed an illness accompanied by paralysis; in the two sets of 
experiments reported, one rabbit out of four in gne experiment and one 
out of six in the other became affected. The injection into normal 
rabbits of minced brain from the paralysed animal has led to the 
development of a similar kind of illness, and this has been carried 
through four passages. 

As in the experiments of Rothfeld, Freund and Hornowski already 
referred to, the simplest interpretation of these results is to assume the 
existence of a living virus, which is pathogenic to rabbits, in the 
cerebrospinal fluid; the virus becomes located in the brain, whence it 
may be carried to other rabbits in series. 

It would be rash, however, to draw this conclusion from such в 
small number of experiments without proper controls—which have to 
be discussed—unless definite ocular or cultural evidence of the existence 
of an organism’ in the cerebrospinal fluid could be provided. At best, 
such experiments on rabbits can lead only to conclusions of probability, 
though where a virus fixe has been obtained, as in the recent work 
on encephalitis lethargica, the probability becomes a practical certainty. 
But up to the present a virus fize has not been obtained in work on 
disseminated sclerosis. 

The alternative explanation which Rothfeld, Freund and Hornowski 
have offered for such results is not more than a remote possibility. 
The naked-eye post mortem findings in rabbits which have died in the 
course of the experiments recorded above differ only in the following 
particulars from what has been found in post mortems made during 
the same period on normal animals which had been killed for various 
purposes; namely, the constant slight congestion of the surface of the 
brain; clear peritoneal exudate, and the occurrence of small hemor- 
rhages in the spinal cord and brain. "That is to say, it has not been 
possible to explain the illness and paralysis by means of gross 
anatomical changes or of infections. Where extensive coccidiosis has 
been found-in ап experimental common animal, the animal has been 
- disregarded. The existence of diarrhoea, often a sign of coccidiosis, has 
throughout been regarded as of sufficient importance to warrant 
rejection of a rabbit. The microscopic evidence of inflammatory lesions 
in the lungs and kidneys of rabbits is stressed excessively by Rothfeld 
and his co-workers; such changes can be found in almost any rabbit 
and in animals killed roughly may amount.to naked-eye hmmor- 
rhages [7]. 

A much more important criticism of all this experimental work can 
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be founded on the well-established fact that rabbits especially and 
guinea-pigs to a less extent are prone to spontaneous paralysis: The 
frequency with which! this occurs has, in my experiénce, varied 
considerably in different laboratories. Воб there is no doubt that 
wherever large numbers of rabbits and guinea-pigs are kept cases of 
paralysis are observed from time to time. As an illustration of the 
commonest form the following case will be given in some detail. 

A healthy young rabbit (1 kilogram), one of @ series of six which 
formed part of a feeding experiment just begun, was recorded in the , 
laboratory book as in good health at 10 o’clock in the morning; at noon 
it was found completely paralysed in the hindlimbs. The rabbit was 
not ill,.it was anxious for food and responded when touched. : At 2.p.m. 
it was killed with coal gas. Post mortem nothing abnormal was found 
-in the thorax ; in the abdomen a moderate degree of coccidiosis of the 
liver was noted and the bladder was enormously distended with clear 
urine. Examination of the spinal column revealed & fracture at. the, 
level of the 11th dorsal vertebra: the spinal cord at this level was 


contused and infiltrated with blood. It was ML to discover how . ` 


the rabbit came by the accident. 

I have studied the clinical conditions and the post mortem findings 
of most of the cases of spontaneous paralysis—between twenty and 
thirty—in normal rabbits occurring in the laboratories of the National 
` Institute during the last twelve months. The principal clinical features 
of these cases have been, first, the suddenness in onset; secondly, the 
paralysis is the principal condition, the rabbits often being otherwise 
perfectly healthy ; thirdly, the paralysis is always of the hind limbs 
only ; fourthly, the animals sometimes recover, and when left they may ' 
live for weeks or even months until ascending infection of the urinary 
tract or persistent incontinence of fæces compels one to kill them. 
: Post mortem examination generally reveals some gross morbid con- 
dition to account for the paralysis. The commonest pathological 
conditions which I have found in such animals is fracture of the spine. 
In two cases an abscess involving the spinal column was found; oné 
was in a guinea-pig and one in a rabbit. Films of the pus were stained 
for the tubercle bacillus and were negative. A-tape-worm cyst of the 
spine muscles was found in one animal; in another no gross lesions 
were discovered, but section of the hardened spinal cord showed 
scattered small hemorrhages.” The clinical features of this last animal 
were such as have already been described. 

In rabbits yen. become мша after the injection of cerebro- 
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а fluid the "iral is not the dominant feature; it is only part of 
a severe and general illness, which, as a rule, progresses very rapidly, 
but may sometimes be detected for several days before the animal is 
seriously ill The clinical differences between these cases of experi- 
mental paralysis and the ‘spontaneous cases are во great and constant as 
to lead me to conclude that they are essentially different in origin. 
The post mortem findings sapport this conclusion. 

Another fact which must be borne in mind in drawing conclusions 
from the experimental work on disseminated sclerosis is the infrequency 
of successful experiments. In the series reported above one rabbit only 
in four in the first experiment and one in six in the second showed 
symptoms. This result corresponds with what other observers have 
published. It is, however, not difficult to understand. The organism, 
if there be one, is not constantly present in cerebrospinal fluid and is 
never present.in large numbers. In tubercular meningitis it is the 
exception rather than the rule to find tubercle bacilli in the cerebro- 
spinal fluid and in general paralysis of the insane the spirochæte of 
syphilis is not often found. Moreover, differences in susceptibility are 
: easily brought out when “the inoculum contains a small number of 
organisms. 

The necessary control experiments for this work have not yet been 
carried out, namely, the inoculation of a large number—say 100—of 
rabbits, with the cerebrospinal fluids of persons certainly not suffering 
from multiple sclerosis. Simons controlled his work in ч way, but 
the number of his experiments was small. 

'The effects of the injection of normal rabbit brain into & normal 
rabbit have been studied by Remlinger [6], who found that in 100 
rabbits thus treated—sometimes with ''enormous quantities "—only 
one animal exhibited symptoms ‘of paralysis.  Hemlinger gives a 
description of the clinical condition of this animal which corresponds 
very closely with what has been stated above. His observations serve 
to exclude the possibility that the second and later passages of the 
experiments given in this paper are fallacious. 

The conclusion drawn from the work is, therefore, that disseminated 
sclerosis ,is probably an infectious disease and that the virus may 
sometimes be found in cerebrospinal fluid. 

Iam indebted to Drs. A. G. L. Reade, Wilfred Harris and George 
Riddoch for permission to take cerebrospinal fluid from the patients 
ander their care. 
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REPORT ON А CASE OF MYOCLONIC ENCEPHALOMYELI1 
: OF MALARIAL ORIGIN. 


BY M.-G. MARINESOO, 
Professor of the Faculty of Medicine, Bucharest. 


EPIDEMIC encephalitis, the existence of which was at first denied 
certain authors, has ended not only іп establishing its-existence but a 
in invading the domain of a large number of organic diseases? as is sho 


. by the report of the Local Government Board and the observations 
. French authors, notably those of Netter. We admit, and we are ri 


in doing so, that the localization of the virus in different segments 
‘the central nervous system can produce the clinical aspect 
Parkinson's disease, hebephrenia, catatonia, chorea, myoclonus, &c. 
is evident that even if epidemic encephalitis can simulate in a striki 
manner Parkinson’s disease, as proved by Longues, Sicard, and Pie: 
Marie, one will always be able to find differences between the signs 
the “ Parkinsonism” of encephalitis and true Parkinson's disease, 
Bierre Marie and Mlle. Levi have shown. As a matter of fact, in sp 


' of the apparent resemblance between “ Parkinsonism ” and Parkinso: 


disease, the mode of onset of the former, the cause of the affliction, & 

ihe character of the symptoms permit us easily to distinguish the c 
from the other. 

Furthermore, as our knowledge of the disease and the conditic 

* which produce it advances, we shall find with certainty that it is cc 

fused with other pathological conditions which do not belong to 

as for example hysteria (Georges Guillain, personal observatio: 


"tubercular meningitis; even the myoclonic form of encephalitis, 


which von Economo and Sicard have attracted attention, can 
simulated by hysteria and different infections, amongst which shot 


` be included malaria. 


I propose in this paper to bring anatomo-clinical proof in favo 
of this opinion. I will give first of all a detailed account of г 
observations of the disease апа of lesions which we have found in t 
nervous system, and will then state the lessons which can be lear 


. from our anatomical and clinical observations. А 
BRAIN.—YVOL. ХШҮ, 15 


994 ORIGINAL ARTICLES AND OLINICAL CASES 


The case was that of a woman, aged 26 years, who was taken ill 
on September 3, 1920, suffering from fatigue, anorexia and fever of 
an indefinite type. She remgined in bed for two weeks, and as her 
condition grew worse she ‘entered a hospital, where she remained 
for only а few days. At this time she was feverish and unable to 
walk, and one noticed that she had slight convulsive movements of 
the limbs and of the face. On September 27 she was transferred. 
io our wards, and we noticed that the skin was pale, and that she 
could’ neither walk nor stand up. Speech was difficult and dysarthric. 
Lying on her back one noticed in the upper limbs almost continuous 
involuntary movements, accentuated at the extremities. These move- 
ments showed themselves in the form of rapid oscillations, which 
consisted of flexion and extension of the fingers or abduction and 
adduction, whilst in the arm and forearm the movements were of 
& more myoclonic type without displacement of the limbs. From 
time to time the movements of the upper limbs were quickened, and 
were transmitted to the trunk, which was agitated by contractions 
rhythmical in character. On the side of the abdomen there were 
sharp contractions having the same rhythm as the respirations (20 per 
minute). Respiration was regular but superficial, and at times the 
patient took deep inspirations. There were rapid lateral movements 
of the head, and at the same time rhythmic movements of the jaws, 
the lower jaw coming together in such a manner that there was a 
gnashing of teeth. The eyes were moved laterally and vertically so that 
they appeared as if they rolled in the orbits. The eyelids fluttered 
rapidly, the facial muscles twitched, and the nostrils dilated and 
contracted. : 

In the lower limbs the involuntary movements consisted of rapid 
sharp contractions localized to the thigh muscles. Movements were, 
less frequent in the muscles of the leg. The big toes were in а 
state of continuous extension, though from time to time they also 
showed rhythmic movements. 

To sum up, the majority of the voluntary muscles were subject to 
involuntary movements so rapid that one could not count them; they 
were myoclonic in appearance, more accentuated in the extremities of 
the upper limbs, in the jaws, and in the orbit. Further, the muscles 
of the trunk showed movements, larger in size and less frequent, 
which were from time to time transmitted to the arms. Beside these 
movements, which were accompanied by slight displacement of the 
segments in which they took place, one noticed very rapid muscular 
contractions. 


* 


OASE OF MYOCLONIO ENCRPHALOMYELITIS OF MALARIAL ORIGIN 225 


The tendon reflexes of the limbs were abolished; the pupils were 
equal and reacted to light and, accommodation p the cutaneous reflex 
"of the abdomen and even the plantar reflex, were absent. 

At the level of the right parotid gland was a swelling of considerable 
size which was painful. 

The pulse was so rapid that it could not be counted at the wrist; 
the femoral pulse beat at 150 to the minute. 

The patient had a slight rigidity of the neck and a suspicion of 
Kernig’s sign. The limbs showed no contractures. The temperature 
was higher in the morning (88`6° C.) than in the evening (87°4° C.). 

Оң the day of the entry into hospital (September 27, 1920) we 
wished the patient to get up for the operation of lumbar puncture and 
to seat herself in a chair; but during this manoeuvre she fell into a 
kind of syncope, the tremblings ceased and her arms fell inert beside 
her body. 

When she had been placed upon the bed it was noticed that her 
pulse was imperceptible and that respiration had apparently ceased. 

Artificial respiration was performed and her respiration was restored, 
although the pulse remained very feeble. -Presently the tremor re- 
appeared little by little and in a few minutes regained its previdus 
intensity. t 

During the day and night the patient was in & state of delirium. 

Lumbar puncture, carried out in the lateral position, showed ten 
lymphocytes by division (Nageotte) and the blood an intense mononuclear 
leucocytosis. 

The urine was brown and on boiling a thick cloud of albumin 
appeared. Vidal’s reaction and the Weil-Felix test were negative. 

On September 28 the temperature rose to 39° C., and the state of 
the patient became much worse. Respiration became noisy, and she 
died suddenly at 2 p.m. Just before her death the involuntary , 
movements described above disappeared. 

As the patient died almost suddenly we were not able to pursue all 
our investigations for the purpose of arriving at а correct diagnosis, 
bu& from the clinical aspeot, the slight fever, and the indefinite 
lymphocytosis, we thought that we had to deal with a case of epidemic 
encephalitis of myoclonic form; but examination of the blood, followed 
by the study later of the alterations in the central nervous system, 
revealed our mistake. In fact there was revealed in the blood, in 
addition to the lymphocytosis, the presence of hematozoa and even 
of crescents (fig. 1). 

\ 
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On macroscopic examination the brain had already attracted our 
attentión by its greyifh coloration, and besides one saw here and there, 
in addition to the hyperemia, punctate hemorrhages in the cortex, 
the corpus striatum, and especially in the grey matter of the spinal cord. 
The meninges were unaffected, the cerebellum was hyperemic, and the 





Рта. 1.—Blood-film leucooytes and cresoant, 


lateral ventricles were slightly dilated. The parotid gland on the right 
side was congested and showed signs of parenchymatous infiltration. 
The long narrow vessels which cross the cortex to énter. the white 
matter were dilated and showed, for the most part in their adventitial 


sheath, a considerable number of lymphocytes, plasma cells, and some 
РЯ E X А 
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mononuclear leucocytes. Неге and there, in the track of precapillary 
vessels and venules, colonies of plasma cella and fibroblasts were seen, 
and а similar infiliration of the adventitial shefths of the vessels was 
visible in the white matter. Small vessels cut across contained in places 
а large number of lymphocytes and occasionally also some pigmented 
mononuclear cells. 





Fig. 2.—Network of capillaries of ascending frontal dilated and, containing in their 
interior, red corpuscles infected by the parasites and showing pigment. 


In general the endothelial cells of the veins, as those of the capillaries, 
were swollen and sometimes even detached. 

The small meningeal vessels were congested and in their sheaths a 
certain number of lymphocytes and mononuclear cells were recognized. 

Hemorrhages were not the rule. It was quite exceptional to see 
extravasations in the parenchyma, but hemorrhagic streaks, which we 
saw in the spinal cord and of which I will speak later, affected also the 
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cerebral cortex. Nevertheless I.encountered some small hemorrhages 
in the cornu ammonis, where we found a thrombus of leucocytes in a 
meningeal vein, forts 8 nodule which: completely filled the lumen 
of the vessel. * 

In'all regions of the cerebral cortex infiltrated capillaries and veins 
were found, dilated or filled with lymphocytes with some mononuclear 
leucocytes and plasma cells in addition. Throughout on the interior 
of the vessels red globules were seen which had lost their colour in 
proportion to the development of the parasite (fig. 2) and & capillary 
plexus was seen to be distended by these red globules which filled the 
lumen of the vessel. 





Ета. 8.—Nodule around а capillary in the pu body ; proliferated neuroglia cells. 


On the surface of these globules some hematozoa, round in shape, 
were seen occupying them to & greater or less extent. 

In the substance of the grey matter, as in the white matter, we 
remarked an hypertrophy and multiplication of. neuroglia cells between 
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the nerve cells in the neigbourhood of the vessels or near to them. 
In fact we were able to count up to фер neuroglia cells in the 
neighbourhood of the base and of the body of the deep pyramidal cells. 
The same neuroglial reaction existed in the neighbourhood of the small 
vessels of the white substance, but here we noted а new growth of 





Рта, 4,—Small nodule constituted by cells with а clear nucleus and with granular nucleus 


neuroglia of peculiar formation caused by the multiplication of these 
cells in a mass and resulting in a nodule which existed only in the 
deep white matter in the neighbourhood of the grey matter and which 
could be found in various sizes. ‘The mean size of these nodules 


- 
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was 210 u and 130 и and they appeared to be formed almost entirely 
of neuroglial cells. е 

But there are two reservations ЫЕ must be made at this point— 
firstly Nissl's method is not at all satisfactory for the study of the 





Fre. 5. —Lumbar spinal cord showing infiltration of the vessels in the grey matter and their 
ramifications and presence of nodules n, n', n". 


histological formation of nodules, and secondly these new growths show 
& different. structure in the brain, peduncle, pons, bulb (fig. 3) and 
the spinal cord (figs. 4 and 5). One can, nevertheless, distinguish 
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‘two species of them in the nervous centres, those of loose structure in 
which neuroglial cells predominate and otheys more compact in close 
contact with the’ vessels, made up of lymphocytes, mononuclear cells 
and fibroblasts, to which are occasionally added some plasma cells; 
at their periphery are a certain number of neuroglial cells, which appear 
to be increased in size but not multiplied to any great extent. 





Fig. 6.—Longitudinal section of a small vessel of the grey substance of the bulb, showing 
in а group of lymphocytes and throughout its extent red corpuscles which have lost their 
colouring matter owing to the presence of the parasites. 


Employing the method of Cajal for neuroglia we have unfortunately 
not come across (in the, sections which we have examined) the nodules 
we found by Nissl’s method; but we stained by this method some 
sections from a case of exanthemic typhus, and noted that, contrary to 
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the opinion of some authors, neuroglia played there а róle which was 
entirely secondary. è : 

Lesions almost analogous to those in the cortex were found in the 
optic thalamus, the lenticular nucleus and the caudate nucleus. In 
the peduncle the infiltration of the vessels and the hyperssmia were 
more marked in the grey substance than in the white matter and the 
infiltration of lymphocytes and plasma cells was confined much more 
to the walls of the veins than to those of the arteries. The cells of the 
substantia nigra were not particularly affected in spite of the fact that 
there were more capillaries filled with blood in this region. 

On the other hand the same observations are applicable to the red 
nucleus. The capillary vessels of the corpora quadrigemina and of the 
grey matter of the peduncles and the promontory (protuberance) showed 
inflammatory reaction of the small vessels as intense as that in the 
cerebral cortex. 

Very often the capillaries contained hematozoa few in number, but 
there were ‘some of them in which nearly every red globule was 
parasitic (fig. 6). There were capillaries or precapillaries filled almost 
exclusively with lymphocytes, small or medium sized, arranged in one 
or two series. Less frequently these vessels were filled exclusively 
with polynuclears ending with one or two lymphocytes. In other vessels 
there was & mixture of lymphocytes and mononuclears and these can 
predominate. 

The nodules which we have described in the white matter of the 
cerebral cortex are found more rarely in the peduncle. All the lesions 
which we have just noticed as being in the cerebral cortex, basal ganglia 
and peduncles are reduced to their simplest expression in the cerebellum 
when infiltration of the adventitia is exceptional, capillary congestion 
little marked and the number of hwmatozoa very limited. 

We examined for the presence of hematozoa different glands such 
as the spleen, liver, suprarenal capsules, and ovaries, but we have not 
actually found the parasite of Laveran. There was certainly in the 
spleen and liver a great quantity of black pigment in the leucocytes 
and macrophagocytes which filled up the vessels, but I am sure that. if 
there had been hematozoa in abundance as we had seen them in the 
nerve centres it would have been easy to make them evident. So we 
are obliged to admit that in this case the hematozoa localized their 
action principally to the nerve centres such as the brain, bulb and spinal 
cord, whilst the cerebellum was invaded to only a slight extent and the 
spinal ganglia still less. ' : 
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Other observers before us, Laveran, Councilman, Marchiafava, 
Monti, Babés, Marinesco, and more recently Lafora. Margulis 
Cevetti and Babés have described the presence of hematozoa in the 
central nervous system ; but the inflammatory reaction of the ves- 
sels and the thrombus of lymphocytes are lesions which have been 
' encountered exceptionally only. As to the inflammatory nodules which 
we may call by the name “ malarial nodules," they are not mentioned in 
the writings of French, Italian, English or American authors. The 
essential cause of them seems to be a formative irritation due to the 
presence of h#matozos or their toxins. Ав to the mechanism of the 
myoclonic movements it is difficult to venture an exact opinion in the 
present state of our knowledge. 


THE DOUBLE INNERVATION OF STRIATED MUSCLE. 
BY PROFESSOR J. T. WILSON. 
Professor of Anatomy in the Unwersty of Cambridge. 


THE innervation of the striated musculature may be numbered 
amongst the many problems which have turned ont to be far less simple 
than they appeared to be to an earlier generation of investigators. This 
is true whether we have regard to the structural or to the functional 
‚ side of the problem. 

It is the purpose of this ‘brief communication to give an outline of 
certain contributions, from the morphological side, to our knowledge of 
the peripheral motor innervation of striped muscle, which are of interest, 
and possibly of great importance for the physiologist as well as the 
anatomist. Some of the facts and observations to be detailed have 
from time to time attracted attention under the heading of a “double 
innervation of striped muscle.” Such а title, however, is ambiguous 
and unsatisfactory. 

In the first place it obviously ignores the distinction between the 
motor and sensory innervation of the muscle tissue. But even if we 
substitute the expression '' double motor innervation of striped muscle "' 
there remains the objection that two very different conditions as regards 
the motor nerve supply of muscle have been recognized, either of which 
may well enough be brought undet the category of a “double motor 
innervation.” 
(A) PLURISEGMENTAL INNERVATION. , 


It has long been known that single muscles are commonly supplied 
by motor nerve fibres from more than one segmental nerve. Indeed 
the cases of unisegmental nerve supply of a muscle are comparatively 
few in number. This fact has frequently been interpreted in terms of 
a corresponding 'plurisegmental, or polymeric, origin of the muscles so 
innervated. But the validity of the assumption that all such muscles 
are necessarily polymeric has not been established beyond doubt. In- 
deed in the case of the mammalian limb musculature, a derivation of 
the premuscle blastema from actual embryonic myotomes has not been 
proved. A definite and obvious origin of the limb muscles from the 
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myotomes lying opposite the site of origin of the limb buds has indeed 
been confidently alleged to occur in submangmalian forms and jit is 
very likely that the lack of evidence of a similar derivation in mammals 
is due to csenogenetic blurring of the outlines of the myogenetic process. 
However that may be, the fact remains that whether they are them- 
selves polymeric or not, a large majority of the muscles of the body 
are plurisegmental as regards their nerve supply. 

The question then arises how the terminals of the various nerve 
fibre groups supplying a muscle are distributed within the muscle. 
Are the nerve-fibres from each of the segmental nerves supplying the 
muscle distributed exclusively to individual muscle-fibres which belong 
morphologically to the corresponding body segment? Or is there a 
mutual interpenetration of segmental motor territories on the part of 
_ adjacent serial segmental nerves ? А 

In considering these questions it must, however, be borne in mind 
that the histogenetic study of striped muscle has shown that individual 
muscle-fibres may be themselves composite segmentally. It has been 
shown that the myofibrillar differentiation by which the body of. the 
muscle fibre is constituted takes place in a myoblastic syncytium. In 
the case of adjoining body segments this syncytium forms a continuum 
which connects contiguous myotomes across the intervening myosepta. 
Hence a muscle-fibre arising by myofibrillar differentiation in this 
syncytium may itself be strictly polymeric. 

Agduhr (1916-1919) has recently attempted to answer some.of the 
questions regarding the plurisegatental innervation of striped muscle 
which arise out of the facts outlined above. This author’s investigation 
of the problem arose incidentally from his study of the physiological 
effects of conjoint and of separaté stimulation of two segmental sources 
of nerve supply of one and the same muscle. Contrary to his expecta- 
tion he had found that the force of contraction resulting from maximal 
stimulation of both nerves supplying a given muscle was substantially 
less than the sum of the contraction force exerted by the muscle when 
its two sources of nerve supply were separately subjected to maximal 
stimulation. This phenomenon he .was constrained to interpret in 
terms of an overlapping of the innervation regions of the separate 
nerves within the muscle. He found also that the region of a muscle 
thus doubly innervated’ from two segmental nerves was much greater 
than the region doubly innervated by different peripheral nerve paths 
like the median and ulnar nerves. In other words, the segmental over- 
lap was considerably greater than that of the peripheral nerves, just as 
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has been found in the case of sensory overlapping. The extensive motor 
segmental overlap веер to the author to indicate that a large number 
of the individual muscle-fibres possess a double, plurisegmental innerva- 
tion. This question he proceeded to examine by a series of experimental 
observations. Ё 

By the employment of various forms of metallic impregnation (gold 
chloride as well as his own modification of Bielshowsky' 8 technique) 
he was enabled to detect and to discriminate between the products of 
post-operative neuraxon degenerations of varying duration. The follow- 
ing experimental procedure gave instructive results: in a cit the author 
resected, at different periods, the first thoracic nerve root (ninety hours 
before the death of the animal) and the seventh cervical nerve root 
(fifty-eight hours before death). On killing the animal, after the lapse 
of the period indicated, the M. flexor sublimis digitorum, whose 
nerve supply is from the seventh and eighth cervical and the first 
thoracic nerve, was treated by an impregnation method to bring out 
the motor nerves and their terminations. The three categories of 
nerve structure corresponding to the three segmental nerves supplying 
the muscle could be readily distinguished. The endings of the fibres 
of the eighth cervical nerve were normal. Those of the first thoracic 
nerve were distinguishable by their more advanced, and those of the 
seventh cervical nerve by their less advanced degenerative characters. 
By these criteria it was possible to recognize that many of the individual 
muscle-fibres were ош a by two successive segmental 
nerves. 

It is well known that one and the same muscle-fibre often possesses 
two or three motor end-plates. It is therefore interesting to note that 
this author never came across в muscle-fibre (in the special degenera- 
tion preparations) which showed more than one motor end-plate of 
the same phase as regards degeneration. He will not venture to affirm 
it as invariable, but suggésts that where a striped muscle-fibre has more 
than one motor end-plate these belong to different segmental nerves. 

As against this view, it must be noted that both Floresco (1904) and 
Cavalié (1901) have definitely described motor nerve-fibres giving off 
terminal filaments to two or three motor end plaques situated in some 
cases on one and the same muscle-fibre and in others on neighbouring 
muscle-fibres or on an adjoining neuro- -muscülar spindle. 

Although these facts would appear to be easily adaptable to the 
theory of an accurate correspondence between nerve and muscle 
segment, Agduhr does not favour the view that the plurisegmentally 
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innervated muscle-fibres he has observed do themselves’ actually 
originate from several myotomes. This he jegards as unlikely on 
account of the fact that, as a rule, the end-plates belonging to the 
different segmental nerves are not placed so far apart on the muscle- 
fibre as might be expected oń such an hypothesis, but, on the contrary, 
are rather close together. Also he frequently found two closely 
adjacent end-plates innervated by the seventh cervical and first thoracic 
‚ to the exclusion of eighth cervical. In his second (1919) paper on the 
' game subject the author has considerably extended his experimental 
observations confirming his previous conclusions. In order to meet 
criticism of his earlier work to the effect that the periods he had 
allowed for degeneration were not such as to exclude mere differences 
in the degenerative reaction to section ‘of different fibres, Agduhr 
substantially increased the periods of differential degeneration, and his 
figures convincingly support the validity of the claim to recognize 
fibres of different degeneration phase. Figs. 1 and 3 of his paper 
very clearly illustrate bi- and tri-segmental innervation respectively of 
individual muscle-fibres. 


B.—“ ÀAcogssoRY'" System oF Motor FIBRES OF ALLEGED 
` SYMPATHETIC ORIGIN. 


An entirely different type of ''double-motor innervation of striped 
muscle" may next be considered. This double innervation is consti- 
tuted by the presence in the.various skeletal muscles so far examined, 
of non-myelinated motor nerve-fibres which are alleged to be quite 
independent of the ordinary myelinated motor nerve-fibres not only 
in structural connexion but in origin and source. These “accessory” 
motor nerve-fibres sometimes terminate in the same motor end-plates 
in which the terminals of the ordinary motor nerve-fibres end. But 
they frequently end in accessory, independent, motor end organs of 
characteristically smaller size. 

Various observers have concluded that these accessory nerve-fibres 
are of sympathetic origin. This interpretation seemed at first to rest 
upon slender and unconvincing evidence, But the more recent obser- 
vations, more especially those based upon the appearances met with 
as the result of experimental nerve degeneration, seem to establish 
beyond reasonable doubt at least the independence of the accessory 
fibres from the system of myelinated fibres which constitutes the 
hitherto accepted motor supply of the muscle. 

"The ides of the existence of an accessory, sympathetic source of 
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motor supply to striped muscle is not novel, although it is only within ` 


the last decade that the evidence offered has become strong enough to 
claim serious consideration. 

So far back as 1882 Bremer recorded the aowi in the frog and 
the lizard, of fine non-medullated nerve-fibres entering the motor 
end-plates which form the terminal apparatus of the ordinary 
medullated motor nerve-fibres of striped muscle. Bremer (1882) 
distinguished in striated muscle nerve-fibres of three orders: (1) coarse 
myelinated, (2) fine myelinated, and (3) unmyelinated. He held, 
however, that the third were connected with the second; though not 
with the first. 

It was not until further advances had been made in neuro-histo- 
logical technique, as well as in the development and application of 
the neurone theory, that any significant progress was made in the 
recognition and discrimination of different categories of nerve-fibres 
innervating striped muscle. 

The introduction of the intra vitam methylene blue method 
of Ehrlich led to many researches on both the sensory and motor 
innervation of muscle in the late 'eightiés and early ‘nineties. But 
neither Gerlach (1889), Dogiel (1891), nor Retzius (1892), all of whom 


employed this method, has recorded any evidence of specific distinction ` 


among the motor innervating nerve-fibres. Nor has Kallius (1896), in 
his review of this area of investigation, anything further to record in 
this direction. ; 

Not til we reach the earlier years of the present century do we 
find further evidence to confirm, and greatly to extend, Bremer's early 
observations. This newer evidence has been the result of the appli- 
cation of various methods of technique. 

These have included modifications of the familiar and well-tried 
gold chloride method; the newer reduced silver methods of Ramdn y 
Cajal, and, especially, that of Bielschowsky in one or other modification. 

Perroncito (1901) described and figured in the lizard unmyelinated 
nerve-fibres in striated muscle connected with the ordinary motor 
end-plates but otherwise distinct from the medullated nerve-fibres 
which end in these plates. Neither the description nor the figures, 
however, would suffice to differentiate them from the fine, unmyelinated, 
“ultraterminal” filaments as described and figured by Ruffini (and 
Apathy) (1900). These ultraterminal fibres are merely unmyelinated 
filamentous continuations of the neurofibrillar apparatus of an ordinary 
motor end-plate. Boeke’s (1909) more recent investigation of the 


+ 
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development of motor end-plates serves completely to explain in this 
sense this “ ultraterminal " relationship. e 

In a later paper Perroncito (1902) deals further with the appearance 
of unmyelinated fibres in muscle.. Several instances are there given and 
illustrated of fine non-medullated fibres accompanying & medullated 
fibre and ending in the same motor plaques with the branches of the 
latter. But there ıs no evidence that the fine fibre shown, e. g., in his 

- fig. 3, Plate I, is not a mon-medullated collateral, similar: to that 
actually shown springing from a medullated fibre in his fig. 6; Plate I. 
Figs. 1, 2, 4 and 5 all show fine non-medullated fibres some of which 
are obviously collaterals, whilst all may either: be collaterals or ultra- 
terminal filaments. Fig. 2 shows а non-myelinated fibre reaching its 
destination, a motor end-plate, from a'different direction ‘to that of the 
medullated fibre going to the’ same plate. . Probably. this is not a 
collateral from the latter, but‘ there is nothing to show that it^may not 
be an ultraterminal fibre like those illustrated in the text-figures of the 
author's earlier paper. 

Althóugh Реггопсіњо suggests a рань character for the 
unmyelinated filaments the only evidence adduced is' ап alleged 
connection in a few cases with a perivascular nerve plexus. It is clear 
that neither in the case of the non-medullated collaterals nor in that of 
the ultraterminal filaments can there be any question of a sympathetic 
origin or nature of the fibres concerned. 

Grabower (1902) contributes the result of his observations on 
human muscle. He could: not recognize any clear-cut distinction of 
nerve-fibre types, there being all grades from very fine pale’ fibres to 
thick medullated' ones. Не only rarely met with wholly unmyelinated 
fibres which could be traced as independent fibres for any long distance. 
Usually they were fibres resulting from the branching of medullated 
fibres. These often accompanied the latter in а common Hones 
sheath, but might end independently.  . E 

Gemelli’s · (1905) observations -confirmed Perroncito’s, but by 
showing & definite continuity:in the'motor end-plates between the 
arborizing filaments of the unmyelinated fibre and the ramifications of 
the axon of the medullated fibre, they: tended to establish the 
*'* ültraterminal" nature of that form of unmyelinated fibre: ' 

Botezat (1906) described а double innervation of striped muscle 
fibre in birds by both medullated and non-medullated fibres. ' This 
author directed attention to the differences between, and the apparent 
independence, of the two systems. He pointed out that the endings 
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of the non-medullated fibres were unlike any known sensory ending and 
resembled the motor, hut he did not otherwise determine either their 
character or their derivation. 

Thus far, then, no satisfactory proof of a dual system of innervating 
motor-fibres had been provided. The appearances which had given rise 
to the suggestion of such a duality of innervation were. probably for the 
roost part to be explained in а quite different and much less remarkable 
fashion. Nevertheless the suggestion of an anatomical basis for a dual 
innervation was immediately caught up by some physiologists as 
providing an hypothesis which some of the physiological phenomena of 
muscular activity seemed to demand. 

Floresco (1904) resected on one side the cervical sympathetic but 
found no motor atrophy or asymmetry of facial muscles and the 
motor end-plaques were found to be unaffected in the masseter muscle. 

Mosso (1904) quotes Bottazzi’s (1897 and 1901) view that the 
sarcoplasm is the contractile substance which is active in the slow 
tonic phase of muscular activity, whilst the anisotropic substance is 
involved in the rapid form of contraction. Mosso, however, denies that 
the prevalence of tonus in muscle is proportional to its richness in 
sarcoplasm as Bottazzi was disposed to believe. 

It is chiefly the work of Boeke from 1909 onwards which has led to 
the wide, though by no means universal, acceptance of the evidence 
for a double motor innervation of striped muscle in the sense now 
under consideration. In the course of an investigation published in 
1909, on the development of the motor end-plates of invertebrates, 
Boeke was led to recognize.the occurrence in muscle of a system of 
fine non-myelinated fibres which appeared to .him to be quite 
independent of the ordinary myelinated fibres. These non-medullated 
fibres showed characteristic terminations in the shape of fine end- 
rings, loops or nets. They were sometimes embedded in the 
sarcoplasm of the end-plate connected with an ordinary myelinated 
motor-fibre, but in other cases they ended in small independent end- 
plates on the muscle-fibres. Boeke laid stress upon their hypolemmal 
position and their often intimate association with the ordinary motor 
end-plates as-witnessing to their centrifugal and quasi-motor function. 
He named these non-myelinated fibres “accessory " fibres, and their 
terminals "accessory " nerve-endings. : 

In & more extended paper in 1911 and again in 1913, he compared 
his observations on the “ accessory ” fibres with the descriptions given 
by previous observers of non-myelinated filaments noticed by them in 
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striped muscle. He concludes.that for the most part these latter were 
either simply non-medullated collaterals or similar ultraterminal pro- 
longations of ordinary motor-fibres and were, therefore, not the same 
as the “accessory” system of fibres distovered by him. He gave 
definite expression to the opinion (1913) that the ''accessory " system 
of fibres could hardly be other than sympathetic or autonomic in 
character. Whether they were concerned with the conduction of 
trophic stimuli or with the tonic innervation of the striated muscle, he 
left to the physiologists to decide. In this connection accordingly he 
made reference to the work of Pekelharing and van Hoogenhuyze 
(1910), who had claimed to establish the occurrence in muscle of two 
distinct chemical processes, one characteristic of tonic activity and. the 
other of ordinary contraction. He also referred to the support given 
by Mosso (1904) to the theory of double innervation from the physio- 
logical side, and to the more recent work of de Boer (1915) in van 
Rynberk’s Laboratory, where this author claimed to have established 
experimentally in the case of the frog’s muscle that the tonic innerva- 
tion of muscle is conducted from the spinal cord not along the spinal 
motor-fibres but along fibres from the sympathetic chain, which reach 
the mixed nerves through the communicating rami. 

In the paper just referred to, de Boer claims to have found that the 
tonus of most skeletal muscles is carried by the thoracic autonomie 
system. De Boer also refers to the experiments of Ken Kure, Tohei 
Hiramatsu and Hachiro Naito which appeared to show.'that section 
of the phrenic nerve did not abolish tonus of the diaphragm 
though it- paralysed it; on the other hand, section of the splanchnic 
nerves produced definite atony of the diaphragm. Following up 
the physiological side of this question, Dusser de Barenne (1917) was 
able partially to confirm de Boer’s work. Не found, however, that 
the disappearance of tonus of the muscles of the lower limb, after 
extirpation of the abdominal sympathetic, was not total but partial— 
hypotony, not atony, was the result——and further, the hypotony gradually 
disappeared. He concludes, therefore, contrary to de Boer, that 
the greater part of the muscular tonus is after all conducted by cerebro- 
spinal fibres. Не is unable to decide the question whether that part 
of the tonus which disappears on the production of an acute sympathetic 
lesion is actually due to the cutting out of autonomic fibres or not. 
Kuno, working in Starling’s Laboratory in University College, London, 
did not find any diminution of tonus after extirpation of the sym- 
pathetic or after section of the rami communicantes. 
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In a later contribution, Dusser de Barenne (1919) again attacks the 
physiological problem qf the peripheral path for tonic nerve impulses. 
Here he brings further proof, as against de Boer, that the sympathetic 
fibres have nothing to do with the transmission of “ mechanical muscle 
tonus." On the other hand, he fully concurs in Boeke’s conclusions 
respecting the sympathetic, centrifugally conducting, character of 
Boeke's “© accessory ” fibres, and goes on to suggest that although they 
can have nothing to do with the propagation of the stimuli of 


" mechanical " tonus, they may very well be the pathway along which - 


the “ chemical" tonus of striped muscle is influenced by the central 
nervous system. 

On the whole it may still be said that the physiological evidence on 
this question is of a rather equivocal character. 

But the morphological evidence not only in favour of the indepen- 
dent existence of Boeke’s “ accessory ” system of fibres, but in favour 
of its sympathetic derivation, was later supplemented by various 


observations of the results of experiments in nerve degeneration.. 


Boeke’s own experimental results in this direction are embodied in his 
important “ Studien zur Nervenregeneration,” I and П, in the Trans- 
actions of the Royal Academy of Sciences of Amsterdam, in 1916-1917. 
The nature of the evidence thus obtained may be indicated as follows : 
In one series of experiments the muscles of the eyeball were investi- 
gated. The work of Sherrington, and of Sherrington and Tozer, had 
shown that the eye muscle nerves in their course from the brain to the 
muscles form the pathway for all the ordinary muscle-innervating 
fibres, sensory as well as motor. In a number of experiments Boeke 
(1917) resected one or other of the oculo-motor nerves close to its 
origin from the brain. When such an animal was killed a few days 
(three to five) after the experiment, and a study of the ocular muscles 
carried out with the aid of the Bielschowsky method, it was found, 
as’ was to be expected, that all the medullated nerve-fibres were 
undergoing degeneration. This was also the case with their associated 
end-organs. The degenerated fibres and terminals no longer showed. 
the Bielschowsky silver reaction, and this served to bring out with 
almost diagrammatic clearness the system of non-medullated “ ас- 
севвогу” fibres and their hypolemmal endings in the muscle. This 
system of fine non-medullated nerve-fibres was still so well repre- 
sented in the muscle, that apparently each muscle-fibre possessed 
at least one “accessory " platelet. In one of his accounts of these 
results Boeke suggests that they can only be explained on the hypo- 

н > 


THE DOUBLE INNERVATION OF STRIATED MUSCLE 248 


thesis that, these undegenerated, non-medullated fibres are trans- 
. ferred to the eye-muscle nerves by way of the sympathetic branch, 
. which reaches the orbit from the carotid plexus. But his own further 
.experimental observations show that the conditions in this special case 
' of the eye-muscles are not so simple and definite as the account sum- 
marized above would suggest. In a series of further experiments 
Boeke found that when a longer period was allowed to elapse, e.g., three 
_weeks, between the experimental nerve section and the killing of the 
animal, the greater number—though still not all—of the non-medul- 
lated fibres were found: to have also undergone degeneration and to 
have disappeared from the picture. The only explanation offered is 
that non-medullated fibres resist degeneration after section longer than 
medullated. On the basis of these facts Boeke suggests that the tardily ` 
degenerating. non-medullated fibres belong to the cranial autonomic 
system of Langley included in the eye-muscle nerve-trunks, whilst the 
other non-medullated fibres—fewer in number—which show no de- 
generation after a prolonged period following section of the nerve 
trunk near the brain, are those which have been transferred from the 
sympathetic to the eye-muscle nerve during its course peripherally. 

The attempt to test this result in other cases by extirpation of the 
superior cervical ganglion showed that this lesion did not lead to dis- 
appearance:óf the system of accessory non-medullated fibres in the eye- 
muscles, although Boeke records his impression that they were less 
abundant than in the series with intact superior cervical ganglion. 
Boeke himself summarizes his conclusion from these facts and observa- 
tions in a statement which may be translated as follows: “ There is 
present in the eye-muscles, in addition to the motor and sensory 
nerves, # system of non-medullated fibres independent of these and 
provided with small hypolemmal end-platelets upon the muscle-fibres. 
The great majority of these fibres run in the trunks of the motor-nerves 
. of the ocular muscles and belong to Langley’s cranial autonomic system ; 
only % small part of the fibres in question belong to the sympathetic 
in the narrower sense.” (1917, p. 18.) 

It seems to the writer that Boeke’s interpretation is open to grave 
criticism in more than one direction. Much is made to depend upon 
the validity of a distinction founded upon mere difference of degenera- 
tion time of two categories of fibres: His clearest demonstration of the 
non-medillated fibres in the ocular muscles is provided by material 
‚ір, which, as it turns out, most of these fibres have already, according 
to his interpretation, been actually severed from their trophic centres. 
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They have, therefore, already entered on the career of degeneration. 
Can one, in these cirfumstances, be perfectly confident that very thin 
sheaths of myelin have not already suffered? Again, it is possible that. 
Boeke may be right in identifying these tardily degenerating non- 
medullated fibres within the muscle with Langley’s cranial autonomic 
fibres, but if they are they ought to be post-ganglionic axones of dis- 
tribution. Where, then, does the synapse occur in the case, say, of 
trochlear fibres for the superior oblique muscle? Why, too, it may be 
asked, should degeneration occur at all if only pre-ganglionic fibres in 
the nerve-trunk close to the brain have been cut? These latter should 
of course be fine medullated fibres, if they represent -pre-ganglionic 
‘elements of Langley’s cranial autonomic system. 

Further, Boeke does not definitely claim to have shown that the 
particular non-medullated fibres in the eye-muscles, which he alleges to 
persist permanently after section of the main nerve-trunk, and regards 
as sympathetic, have been certainly traced to hypolemmal end-organs. 
In fact, he admits that he was unable to find degenerated fibres and 
end-plates in cases where the superior cervical ganglion had been 
extirpated but the cerebral nerves left intact. There is, therefore, no 
stringent proof that true sympathetic fibres in the case of the eye- 
"muscles do actually innervate accessory end-platelets in muscle-fibres. 

It is strange that in a later paper published by Boeke апа Dusser de 
Barenne in 1919, where the results of the above experiments on the ' 
' eye-muscle nerves are again referred to, no reference whatever is made 
‘to the belated degeneration of the majority of the non-medullated fibres 
after experimental section. The unqualified statement is made that 
“the accessory non-medullated fibres, however, and their end-organs 
on the muscle-fibres remained unaltered, which could only be explained 
by admitting that they are transferred to the eye-muscle nerves by 
way of the sympathetic branch," &c. The discrimination introduced 
‘two years before between two different groups of non-medullated fibres 
held to be of diverse origin is now altogether ignored. ' Fortunately 
for Boeke’s general interpretation the joint papef referred to furnishes 
other experimental evidence which appears much less -open to criticism 
than that provided by the case of the eye-muscles. 

The facts are these:' In a cat the anterior and posterior roots of 
the sixth to ninth thoracic nerves inclusive were resected and the 
corresponding spinal ganglia were also extirpated. After the lapse 
of a period of one month the animal was killed and the condition as 
regards innervation of the muscles of the seventh intercostal space was 
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then investigated. The result was that while not a single medullated 
nerve-fibre remained intact and the motor end-plàtes in connection 
with them had disappeared there were still present fine bundles of 
non-medullated fibres connected with the muscle-fibres by means of 
small and delicate end-organs, end-rings, loops or end-nets. These, 
as figured in the paper, are precisely like those so abundantly illus- 
trated in previous publications regarding the accessory fibres, and 
there can be no reasonable doubt of their identity with them. 

That the end-organs of such non-medullated nerve-fibres are actually 
hypolémmal and therefore almost certainly motor in character, is 
supported by quite a number of Boeke’s figures from his various 
papers, especially those showing profile views of the end-organs in 
question, e.g., “ Studien zur Nervenregeneration," П, 1917, plate 1, 
fig. 7. The hypolemmal position, to which great importance must be 
attached, is also convincingly testified to by fig. 2 in the short paper by 
Boeke (1910), on pp. 481-4 of the Anatomischer Anzeiger, Bd. 35. In 
this figure we have an “ accessory” terminal fibre ending in an ordinary 
motor plate along with the more extensive fibrillar expansion of an 
ordinary motor-nerve termination. Here, within the end-organ itself, 
a branch of the “ accessory " terminal is seen to pass under cover of the 
fibrillar network of the ordinary motor ending, and therefore could not 
possibly be other than hypolemmal if honestly and accurately delineated. 

In the proceedings of the same meeting of the Royal Academy of 
Sciences at Amsterdam, at which the paper by Boeke and Dusser de 
Barenne was presented, there also appeared a paper by E. Agduhr 
(1919) bearing the title, “ Are the Cross-striated Muscle-fibres of the 
-Extremities also innervated sympathetically ?" This author investi- 
gated muscles of the extremities, especially the interossei muscles in 
the cat. He performed two different series of experiments. In one 
series (two cats) he extirpated the ganglion stellatum of one side. On 
killing the animal after the lapse of a few days he succeeded in finding 
in the muscle the remains of degenerated non-medullated nerve-fibres. 
The other series of experiments is more fully reported. They resembled 
those of Boeke and Dusser de Barenne. He resected the last four 
cervical and the first two thoracic nerves, in each case at a point 
between the spinal ganglion and the connection of the nerve trunk with 
the white ramus communicans: The animals were killed from five to 
ten days after the operation. . On investigating the interossei muscles 
by the Bielschowsky method it was clear that all the myelinated fibres, 
both motor and sensory, had undergoné degeneration. On the other 
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hand, the investigator found quite a number of intact non-medullated 
fibres, and he was аше to follow a large number of these to their 
terminal organs. These were situated partly on ordinary striped 
muscle-fibres and partly on muscle-fibres in muscle spindles. Fig. 2 of 
his paper illustrates two ordinary motor end-plates, both degenerated, 
and situated quite near one another on а muscle-fibre. In one of these 
degenerated end-plates 1s seen -the undegenerated termination of one of 
Boeke’s “accessory ” fibres. Fig. 4, on the other hand, shows in close 
proximity to one another, on the same nerve-fibre, a degenerated end- 
plate and an undegenerated one pertaining to the terminal ramifications 
of a non-medullated, "accessory," "sympathetic" nerve-fibre which 
are clearly visible in it. Agduhr's results accordingly serve to corro- 
borate ‘in all essentials the observations of Boeke on the independent 
existence of an accessory system of nerve-fibres. Itis therefore difficult, 
if not.impossible, to avoid the conclusion drawn by Boeke and supported 
by Agduhr and others from the results of what would appear to be 
crucial experiments, that these accedsory fibres are sympathetic in 
origin and hypolemmal in their mode of termination. These relation- 
ships, if admitted, would seem to indicate a centrifugal conduction 
along these fibre paths of nerve impulses, presumably of motor and 
possibly of tonic contractile character. 


LIST OF LITERATURE REFERRED TO IN THE TEXT. 
(Fuller Bibliographies wil be found in Boeke’s Papers, especially those of 1911 and 1916-17.) 


Ааронв, E.  ''Morphologiseher Beweis der doppelten (plurisegmentalen) motorischen 
Innervation der einzelnen quergestreiften  Muskelfasern ber den Saugetieren,” 
Anatomischer Anseiger, 1916, 48, 1-18. i 

Idem. “Ueber die plurisegmentelle Innervation der einzelnen quergestreMten Muskel. 
fasern," Anat. Anzeiger, 1919, 59, 273. 


Idem. ''Symypathetie Innervation of the Muscles of the Extremities: в Histo-experimental 
* 


Study," Verh. d. K. Akad. v. Wetensch. Amsterdam, 1919. 

Bourg, J. ‘Die motormohe Endplatte bei den hoheren Vertebraten, ihre Entwickelung, 
Form und Zusammenhang mit der Muskelfaser.”” Anat. Anseiger, 1910, ЗБ, 198. 

Idem. “ Beitrage хог Kenntnis der motorischen Nervenendigungen,” Internat. Monaischr. 
f. Anat. u. Physiol., 1911, 28, 377. П 

Idem. “Die doppelte (motorische und sympathische) efferente Innervation der querges- 
treiften Muskelfasern,” Anat. Anzeiger. 1918, 44, 848. 

Idem.  ''Stüdien zur Nervenregeneration,” I, Verh. d. K. Akad. v. Wetensch. Amsterdam, 

- 1916, 18, 91. 

Idem. ‘Studien zur Nervenregeneration,” II, Verh. d. К. Akad. v. Welensch, Amsterdam, 
1917, 19, No. 5, 1-71. - ' 

Dz Boss, 8. . ‘‘ Die Bedeutung der tonischen Innervation für die Funktion der querges- 
treiften Muskeln," Zevischr. f. Bwl, 1915, 65, 239. 

BoxgzaT, E. *'' Fasern und Endplatten von Nerven zweiter Art an den gestreiften Muskeln 
der Vogel,” Anat. Ansexger, 1910, 35, 896. 

Borrazzt. Journal of Physvl., 1897, 21, 1; Archiv f. Anat. u. Physsol., 1901, Phys. 
Abth., 877. хе р 


|9 


THE DOUBLE INNERVATION OF STRIATED MUSCLE 247 


Brewer, L. ‘ Ueber die Endigungen der markhaltigen und marklosen Nerven im quer- 
gestreiften Muskel," Arch. f. mikr. Anat., 1882, 21, 165. 

Cavar, M. ‘Sur les terminaisons nerveuses motrices et serféitives dans les muscles atriés 
chez la torpille,” Compt. send. Soc. de Biol., Paris, 1901, 54, 1279. 

Doargr, А. B. ‘‘ Methylenblautinktion der -motorischtn Nervenendigungen in den Muskeln 
der Amphibien und Reptilien," Arch. f. makrosk. Anat., 1890, 35, 305 

Юоввюв DB BARENNE, J. G. Pfligers Arch., 1917, 186, 145. 

Idem. Verh. d. К. Akad. v. Wetensch. Amsterdam, 1919, 31, 1281. 

Бговевсо, ЇЧ. -'Influence de la resection du nerf sympathique cervical sux les plaques 
motrices et les vaisseaux du muscle,” Compt. rend. Soc. de Biol., Paris, 1909, 55, 228. 

Оюма, A. ‘Sur la structure des plaques motrices chez les Reptiles," Le Nevraxe, 1905, 
Т, 107. 

Idem. ‘‘Nuove osservazioni sulla sisi Hd delle placche motrici e dei fusi neuro-muscolari,” 
Monitore Zool. Ital., 1906, 17,90. . 

GERLACH, J. '' Ueber alo Einwirkung des Methylenblaus auf die Muskelnerven des lebenden 
Frosches,” Swz. Ber. d. math. phys., Kl. d. Bayer. Akad. d. Wiss., 1889, 19, 125. 

GaABOWER. ‘‘ Ueber Чегтепапащипдепр in menschlichen Muskel," Arch. f. mkr. Anat., 
1902, 60, 1. 

Клшлов, E. ‘‘ Endigungen motorischen Nerven in der Muskulatur der Wirbeltiere,’ 
Ergebnisse der Anat. u. Hniwick., 1890, 6, 26. 

Mosso, A.. ‘* Théorie de la tonicité musculaire basée sur la double innervation des muscles 

striés,” Arch. Ital. de Biol., 1904, 41, 188. 

PaKELHABING, О, A., and v. HooazNHuvzE, О. J. O. “Піе Bildung des Kreatins im 
Muikel beim Tonus und bei der Starre,’ Hoppe-Seyler's Zeit. f. Physiol. Chemie, 
1910, 64, 262. 

Реввоногто, A. ''Burla terminaison des nerfs dans les fibres musculaires strides,” Arch. 
Ital. de Biol., 1901, 36, 245. 

Idem. ** Études ‘nltérieures sur la terminaison des nerfs dans les muscles à fibres striées, n 
` Arch. Ital. de Biol., 1902, 88, 898. 

RETZIUS, G. Biologische Untersuchungen N. F., 1892, з. 

RUFFINI, A., and APATHY, J. ''Bulle fibrille nervose “Ultraterminalt nelle piastre motrici 
dell’ nomo,” Rivista di Patologia nervosa e mentale, 1900, Б, 488. -< 


V 


Proceedings of tbe “Section of Meurologp of tbe 
Royal Society of Medicine. 


Held March 10, 1921. 





Chairman—Dr. ERNEST S. REYNOLDS. 





Discussion held in connection with the Section of 
Ophthalmology on Ocular Palsies. 
The discussion was opened by Gorpon Horwrs, C.M.G., M.D., 
and Lesu Paron, F.R.C.S. `° 
The addresses of the openers appear in full in the British Journal 
of Ophthalmology, June, 1921, vol. v, pp. 241 and 250. 





April 14, 1921. 





Dr. Ктрросн described certain nociceptive reflexes of the upper 
limb (this paper will appear in a subsequent number of Brain). 
Dr. Bgooxe demonstrated a model of the brain and spinal cord. 





May 12, 1921. 





А рарег by Prof. MamiNESCO was read on “A Case of Myoclonic 
Encephalo-myelitis of Malarial Origin." This paper appears on p. 223 
of the present number. 
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Notices or RECENT PUBLICATIONS. 


ОА und anatomische Beiträge zur Pathologie des сили: Von 
Professor Dr. S. E. Нкмвонин. І 


Fünfter Teil. “ Ueber Aphasie, Amusie und Akalkulie," 
S. 216, mit 15 Tafeln. 


Sechster Teil, “Ueber sensorische Aphasie," S. 231, mit 11 
Tafeln. 


Stockholm : Nordiska Bokhandeln. 1920. 


In 1912, Professor Henschen reached his sixty-fifth yeer and retired from 
the post of Director of the Medical Olinie in Stockholm. He then devoted 
himself to the mass of material and observations which he had collected during 
his active life, and published three authoritative monographs on the auditory, 
the visual and the olfactory centres. Like all who have busied themselves 
with cerebral localization, he was led to consider the problem of aphasia, a 
riddle which has occupied a prominent place in medicine for nearly & hundred 
and twenty years. His profound knowledge of cerebral anatomy revealed to 
him the shaky ground on which much of the current teaching was based, and 
he determined to tabulate and publish in abstract every case of these disorders 
of speech in which there had been а sufficient anatomical examination. These 
two volumes form a' portion of this colossal task. 

The arrangement is throughout based on thesame principles. The clinical 
manifestations are set out usually under the headings of word-deafness, word- 
blindness, motor aphasia, agraphia, amnesia, paraphasia and accessory 
symptoms. The nature and situation of the lesion is given as nearly as possible 
and in certain instances a drawing of the brain is to be found on one of the many 
tables. Then follows a short abstract of each case under the name of the 
observer, numbered consecutively. At the end of each section is a short 
general summary of the conclusions which emerge from such revision. 

The first of these volumes begins with a short re-statement of the author's 
own personal contributions to the oase-material of aphasia ; he then passes on 
consider amnesia and ‘‘akalkulie,” of which he has collected 804 examples. 
As the result of this analysis he arrives at the conclusion that comprehension 
of music is predominantly due to the activity of the polar portion of the 
temporal lobe. When this centre on the left side is destroyed, that on the 
right can occasionally assume the lost function, but this is by no means 
invariable. He complains that the data for a similar examination of 
lesions responsible for “akalkulie” are unsatisfactory, because it is often 
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impossible to decide whether numbers could be written and understood or not. 
A + or О on the table dees not give an exact expression of the facts; for the 
patient may be able to add but not to multiply. The anthor considers, however, 
that the mechanism for reckonifig is separable from that for speech and music, 
and rests on а different anatomical substratum. 

Fasciculus VI opens with.a collection of cases of temporal kad so-called 
transcortical aphasia, and then each group is considered separately. Henschen 
concludes that auditory speech is lost without recall on destruction of T.1. It 
cannot be replaced by the right hemisphere, which shows its inferiority to the 
left, exactly as is the case with F.3 in motor speech. But the right hemisphere 
is responsible for primitive automatic echo-speech and particularly for emotional 
expression. 

‘As the result of his analysis of « oases of 80- -called transcortical sensory 
aphasia, he comes to the conclusion that this form stands on a sound basis. 
The name “ transcortical" signifies that the disturbance lies on the other side . 
of the cortical areas for the formation of speech, and that the lesion is not 
situated in the so-called speech centres. fet 0# І 

Then follows a systematic consideration of ' angular," “ parietal” ала 
* occipital” aphasia, together with the combined forms. 

The author comes to the final conclusion that investigation of word- сайган 
and word-blindness points to a strict localization of the forms of aphasia and to 
a close organization in the structure of the: brain of the elements of speech, 
including the psychical functions. There is an enormous adaptive power in the 
brain cells which can be brought out as the result of suitable education and 
training; the right half of the brain is a colossal uncultivated field with in- 
numerable and little educated cells, and this virgin ground may possibly be ` 
made to yield full crop, although now it stands on а low level of development. 

Professor Henschen promises us another volume on “Motor Aphasia,” - 
following the same lines, and all who are interested in cerebral pathology must 
sincerely hope that he may be spared to finish thie incredible labour. For 
however much we may differ from the conclusions which he draws from this 
anatomical material, it is of the greatest importance that the recorded facts 
should be collected and analysed by во distinguished an anatomist. We are 
all'anxious to know the site of the various lesions that can disturb speech, and 
it is often possible to see through the insufficient clinical records the main 
factors in the disorder. Round and round like а stage army moves the 
procession; the clinical appearances are identical, but each fresh group of 
spectators views them with new eyes and with different preconceptions. But 
it is often possible to recognize through the hazy reports and different olassifi- 
cation of previous generations some salient point which indicates the identity 
of some past case with one under examination to-day. It is therefore of 
fundamental importance to know the site and nature of the anatomical lesion 
which produces such a condition, and we cannot be sufficiently grateful to the 
` author of these monographs for this wonderful collection of data which can 
only be utilized to the full by our successors. 
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Anatomie du Système: Nerveur. Première partie. “Les appareils 
nerveux de l'olfaction, de la vision, de l& sensibilité générale, 
' du goût.” Ву Dr. CORNELIS WINKLER. 1918. Рр. 435. 


In this volume an attempt has been made to describe fully certain of the 
organs of special sense in.relation to their connections in the central neryous 
system. The arrangement is one to which students of neurology are now well 
accustomed, and it is without doubt the most useful method of presenting the 
anatomy of the nervous system to the clinician. 

The olfactory, visual, and taste organs and the apparatus of cutaneous 
sensibility alone are dealt with in this volume, the apparatus of the internal ° 
ear and its connections with the central nervous system being left for a later 
volume. This arrangement is, no doubt, necessitated by the close relation 
between the vestibular nerve and the lower motor paths, but it leaves the 
volume somewhat incomplete as a description of the sensory organs of the 
human body. 

The book gives a fairly full historical résumé of the progress of knowledge 
on the subjects dealt with, and in many places the author's own experiments 
and those of other neurologists of the Dutch school are given in some detail. 
Dogmatic statements. are avoided and the reasons for the conclusions arrived 
at are fully stated. 

The French translation has been admirably carried out by Dr. Victor 
Willem. The illustrations, in which for the most part the Latin terminology 
is employed, are numerous and clear. 

The book is one which will repay serious study as a whole, and is 
of considerable value as a work of reference. 


Einführung in die Lehre vom Bau und den Verrichtungen des Nerven- 
systems. Ву the late Professor Dr. Lupwia EbprNGER. Third 
Edition, 1921. 8. 233. Edited by а Dr. Kurt GOLDSTEIN 
and Professor Dr. A. WALLENBERG. 


The second edition of this book, published in 1912, has Been out of print 
for some years, and a third edition was urgently called for. "The editors have, 
however, contented themselves for the present with re-editing the hook in ite 
previous form, leaving to & fourth edition the alterations which have been 
necessitated by recent progress in our knowledge. 

The present volume is a useful introduction to the anatomy ana physiology 
of the nervous system. Its 176 illustrations and diagrams are well conceived 
and clearly reproduced ;: the text is not only brief, and to the point, but avoids 
to an unusual extent the error of giving dogmatic statements on unsettled 
points which is so common in small books on this subject. The absence of an 
index reduces to some extent the value of the book, and we hope this may be 
rectified in the next edition. ` 
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Addresses on Psycho-Analysis. By J. J. Putnam, M.D., Emeritus 
Professor of Neurglogy, Harvard University. With a Preface by 
Siam. FREUD, M.D., LL.D. Pp. 470. London: The Inter- 
national Psycho-Analytital Press, 1921. 


Psycho - Analysis and the War Neuroses. Ву Drs. S. FERENOZI 
(Budapest), Kanu ABRAHAM (Berlin), Ernst SIMMEL (Berlin), 
and Ernest Jongs (London). Introduction by Prof. Srem. 
FREUD (Vienna). Рр. 59. London: The International Psycho- 
Analytical Press, 1921. 


The urgent necessity for dealing therapeutically with large numbers of 
patients suffering from mental illnesses in the recent War was the means of 
widening interest in psychological methods. The claims of the various schools 
of clinical psychology were investigated, and it was soon realized that Freud in 
his work had done much more than originate his sexual theory of the neuroses 
His conceptions of mental mechanisms underlying the production of symptoms 
in states of emotional stress were perceived by many workers to be of more ` 
than theoretical interest. Psycho-analysis has gained an established place in 
neurology &s a therapeutic measure of value under suitable conditions and in 
selected cases. At the same time many consider that its greatest value, how- 
ever, in dealing with psychoneuroses is not as a method of treatment, but as а 
means of exploring unconscious mental processes for purposes of investigation. 

The extension of interest in psycho-analytical methods in different countries 
has led to the establishment of an International Journal of Psycho-Analysis 
and an International Psycho-Analytical Library, both of which are edited 
by Юу. Ernest Jones. The volumes under review form the first two numbers 
of the library to be published in English. 

In number one are republished a selection of the numerous papers upon 
psychological subjects written by the late Dr. J. J. Putnam in the last ten 
years of his life. Putnam, as Freud points out in the preface, was the first 
American to study psycho-analysis and, as a result of testing its value in 
practice, became an earnest although critical exponent of it. The book forms 
an interesting record of his views on the psychological doctrines of Freud, as 
well ав those of Jung and Adler, and not the least of its attractions is the 
charming style in which it is written. 

The second volume consists of four papers on psycho-analysis in relation 

` фо war neuroses. The first three were delivered by Austrian and German 
psychologists at° the Fifth International Psycho-Analytical Congress at 
Budapest in 1918, and the fourth, written by Ernest Jones, is reprinted from 
the Proceedings of the Royal Society of Medscone, London. While all the 
writers admit the importance of the instinct for self-preservation in the pro- 
duction of war neuroses, some of them claim, and the others strongly suspect, 
that the real basic factors on one side are sexual in origin. Realizing, however, 
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the inadéquacy of the original sexual hunger theory as an explanation of the 
traumatic neuroses of peace and war, they invoke the yecently developed theory 
of narcissism or self-love. For them, as for Freud, danger to. life is an etio- 

. logical factor of insufficient strength in itself to lead to severe neurotic troubles, 
and assert as a belief that extensive mental analysis would bring to light 
underlying sexual influences of primary importance. But it is by adopting an 

attitude of this kind, which is unsupported by convincing evidence, that the 
followers of Freud do much to bring into discredit his theories and methods, 
and to obscure what is ‘admittedly of great value in them. 


Lunacy т India. By А. W. Ovg&BROE-WRiGHT. Рр. 406. London: 
Bailliére, Tindall and Cox, 1921. 


The objects of this book are stated by the author to be threefold: “to 
summarize the condition of lunatics in -India and the means available for 
treating them ; to emphasize the importance of toxsmias as etiological factors 
in the production of a very large proportion of such cases... . and lastly, ' 
to place on record views to which a wide and varied experience of the Hast, 
spread over more than nineteen years, has given rise." Unfortunately the 
author has attempted to write a complete work on Mental Medicine, and has 
included much that can be found in ordinary text-books. But the illustrative 
cases are taken from his own experience in the East, and many of them contain 
fascinating suggestions for further investigation. His comments throw a 
valuable light on the customs of the people with whom he hag had to deal, 
but they are too short, and the author's diffidence has robbed us of much 
interesting information. If this book comes to a further ‘edition, we should 
strongly recommend that the more specific aspects of the subject should be 
given greater space at the expense of the more commonplace generalizations. 


Diseases of the Nervous System. By Smita Evy JELLIFFE, M.D., 
Ph.D. and Wium A. Wsie, M.D. Third Edition, revised, 
rewritten and enlarged. Рр. 1,018. Illustrated with 470 Engrav- 
ings and 12 Plates. Philadelphia and New York: Leaand Febiger, 


1919. 


This well-known text-book has been largely re-written. . The first chapter 
is concerned with methods'of examination which even include a few words 
on the technique of psycho-analysis. Then follow 160 pages devoted to vege- 
tative and visceral neurology together with the endocrinopathies. Part IT 
deals with the sensori-motor systems; affections of the cranial and peripheral 
nerves, lesions of the spinal cord, brain-stem, cerebellum and cerebrum are 
then treated systematically in consecutive chapters, and a remarkable amount 
of information has been gathered into а small compass. The third portion of 

` the book is devoted to the neuroses, psyoho-neuroses, and psychoses, under 


О 


Й 
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the heading of “ Psychical or Symbolic Systems." The diagrams and figures . 
are well reproduced, and we are glad to see that some of ‘the more important 

monographs, from which the facts have been derived, are mentioned at the. 
bottom of the page, so that the student can follow up points in which he is’ 
interested. 


Mental Hospital Manual. By Донн MacARTEUR, M.R.C.8., L.R.C.P. 
Pp. 215.. London: Oxford Medical Press, 1921. 


This is a straightforward account, in simple language, of the duties of 
an assistant medical officer and of his responsibilities both legal and medical. 
Tt gives in concise and handy form,the sort of advice that would-be offered 
to a junior on beginning work in an asylum. Copies are given of the various: 
dosuments used in mental work, and they are carefully explained. This little. 
‘book should be of considerable help to & young man contemplating the-career 


-of an A.M.O., or about to take the post of locum tenens in an asylum. 
› n Й Ea 





Writers of “Original Articles and Clinical Cases" are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
"Brain." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, L'td., 83-91, Great Titchfield Street, 
‘London, W 


Members of the ео Section of the Royal Society of Medicine can 
obtain the Index of “Brain” for the Volumes 1 to XXIII inclusive, that is, from 
cits, commencement to the end of 1900, from Messrs. MACMILLAN .& CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 


` ‚ To those who are not members of the Neurological Section of {ће ‹ Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller. . 
EDITOR. 


[NoveMBER, 1921.] 
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STUDIES OF CEREBRAL FUNCTION IN пи 
No. Ш.—ТНЕ MOTOR AREAS. 


BY К. 8. LASHLEY, 
Department of Psychology of the University of Minnesota. 


In their first study of the electro-stimulable cortex of the dog, 
Fritsch and Hitzig [5] ascribed to it the function of control of 
voluntary movement, although they recognized that its destruction 
resulted’ in a difficulty rather than a complete loss of ability to make 
voluntary movements. The latter fact was largely disregarded by the 
investigators following them and the view that the fibres descending 
` from the stimulable area form the chief efferent path from the cortex 
was adopted by Ferrier, Carville and Рахе, Lucian: Bechterew, and 
other early workers, so that this theory has come to be accepted as one 
` of the most firmly established facts of cerebral localization. From the 
first, however, certain. facts, derived chiefly from studies of recovery 
from paralysis following lesion to the motor area, have seemed incom- 
patible with this view. Fritsch and Hitzig emphasized the importance 
of other descending tracts, and Carville and Duret [4] showed that 
` recovery from hemiplegia is not due to the vicarious functioning of the 
‘uninjured stimulable area. The belief that recovery from paralysis is 
only ‚а ‘revival of. depressed reflex functions and that the power of 
voluntary movement is permanently abolished by complete destruc- 
tion of the motor area was disproved by Rothmann [16] who observed 
the, formation of motor habits in monkeys after destruction of the 
stimulable area of one hemisphere and the pyramidal and rubrospinal 
tracts of the opposite side. 

Such experiments show that the extra-pyramidal fibres are capable 
of mediating complex activities of the habitual or voluntary type but 
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leave undecided the question whether this is their normal function or 
merely a vicarious fulction due to the destruction of the stimulable 
cortex. In a previous study of the rédle of various parts of the cerebrum , 
of the white rat in the formation and retention of visual habits the 
writer found that the habit of discrimination of light intensities survived 
the total destruction of the stimulable area. Injury to an area on each 
occipital lobe corresponding to Brodmann’s area striata [2] resulted 
in the complete loss of the visual habit,-but any other, third of the 
cortex might be destroyed without in the least disturbing the animal’s 
ability to make the discrimination accurately. The data reported in 
that study seem to prove that the conditioned-reflex arcs involved in 
visual habits descend from approximately the same area of the cerebral 
cortex to which they are projected and do not traverse the cortex to 
descend from the stimulable areas. The visual habits have cerebral 
representation, but the supposed motor areas have no direct function 
in their performance [10]. | 

In ‚ырһег animals, especially the primates, complete paralysis of 
voluntary movement may follow destruction of the stimulable cortex, 
but this does not. necessarily imply an interruption of the direct 
conditioned-reflex arcs. Such an explanation is to be preferred on 
grounds of simplicity, if contradictory facts do not appear, but dis- 
turbances of some of the mechanisms of tonic remforcement, not in the 
direct conditioned-reflex path (section of the afferent nerves of a limb, 
cerebellar injury, &c.), may produce somewhat similar disturbances of. 
voluntary movement and indicate an alfernative explanation of the 
function of the stimulable areas. The demonstration that, in the rat, 
the stimulable area is not traversed by the conditioned-reflex arcs of 
visual habits seems sufficient evidence to raise the question of whether 
the so-called motor area is really a part of the mechanism for voluntary 
-movement or is merely a part of the subsidiary tonic and postural . 
mechanism. 

Generalization from the rat to higher forms is complicated, how- 
ever, by the probable transfer of function from the corpus striatum to 
the stimulable cortex, with ascent in the evolutionary scale. In the 
rat, destruction of the stimulable areas produces no detectable motor ' 
disturbances, but simultaneous destruction of the motor area and the 
corpus striatum produces a paralysis which is relatively permanent and 
which resembles the effect of destruction of the stimulable area in 
higher forms [10]. This indicates that the function of the stimulable 
area of primates is represented in the rat by the combined function of, 
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the stimulable area and the corpus siriatum.! А In order that data 
obtained from the rat may be applicable to higher forms it is neces- 
sary, therefore, that both the stimulable cortex and the corpus striatum 
be considered. Му earlier study eliminated only the stimulable cortex 
from the habit mechanisms. In the experiments reported below I have 
tested the effects of simultaneous destruction of the stimulable areas 
and the caudate portions of the corpora striata upon the rat’s ability to 
form and rétain visuo-motor habits. The data outlined above make it 
fairly certain that in the combined lesion we are dealing with structures 
analogous in function to the stimulable areas of the primates and 
that conclusions valid for’ higher forms may be drawn ‘from the 
experiments. 

The chief question which the following experiments were designed 
to answer.is, then, whether or not the structures of the rat’s cerebrum, 
injury to which produces motor disorganization, are directly concerned 
_in the performance of habitual acts. Visuo-motor habits are best 
suited for such tests, since they are easily acquired and recognized. A 
visual area in the occipital region is clearly defined and it has been 
shown that cortical representation of the habit is retained after 1,400 
trials of overtraining [11], so that the possibility that the habits are 
carried out at subcortical levels.is ruled out. 


‘ 1 x 
TuE TOPOGRAPHY OF THE STIMULABLE AND VISUAL AREAS OF THE 
CEREBRUM AND OF THE CORPUS STRIATUM IN THE RAT. 


The stimulable area in the rat includes the antero-dorsal third of 
the cerebral cortex. It extends from above the anterior’ margin of the 
hippocampus forward to the frontal pole, covering the median half of 
the dorsal convexity in this region. On the frontal pole it extends 
laterally and then caudally over the inferior orbital surface. Fig. 1 
shows a composite map of the area in about twenty-five animals, with the 
movements elicited by bipolar stimulation. In the majority of animals 
the area does not extend so far caudally as in the diagram and only 
movements a, d, 1, j, апа p can be elicited. _ 

The visual function seems limited to а small area on the dorsal 


1 Since the pyramidal fibres are scattered throughout the caudate nucleus it is impossible 
to destroy the latter alone. In earlier work [10] I found one case with extensive degenera- 


. tion of the right caudate nucleus involving few of the pyramidal fibres and leaving the 


greater part of the stimulable area intact. This animal showed an unusually. rapid and 
complete recovery from the motor disturbances following operation and led to the tentative 
conclusion that the striate nucleus and stimulable cortex have interchangeable function. 
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convexity of the occipital pole. Fig. 2 is а composite diagram of the 
lesions in nine animals in which habits of visual discrimination persisted 
after bilateral injury. Detailed descriptions of these animals have been 
given in previous papers [10, 11]. In each animal the area destroyed 
included about one-fourth the blackened area of the diagram. Fig. З 
is а composite diagram of the lesions in seven animals which lost the 
habit ‘of visual discrimination after operation. These two series of 
animals show clearly the restriction of cortical function in vision to the 


ps: 





Ета. 1.— Composite diagram of the eleotro-stimulable points on the cerebral cortex of 
the rat. а = Head turned to opposite side. b — Nose retracted. o= Vibrisse moved. 
d = Chewing movements, в = Tongue protruded. f= Буе closed. g — Ear adducted. 
À = Ear erected. + — Shoulder drawn forward. ў == Fore-arm retracted. ^k — Elbow 
flexed. 1 Elbow extended. m = Wrist flexed. n — Fore-arm rotated. о — Back flexed 
to opposite side. == Hind leg drawn forward. g == Homolateral leg flexed, ipselateral 
extended r= Ankle extended. s — Tail drawn to opposite mde. All movements are 
contralateral to the hemisphere stimulated, except where indicated. 


occipital pole and the survival of the habit after destruction of the 
motor area. The area included in fig. 8 corresponds roughly to 
Brodmann's area striata in other rodents [2]. 

The corpus striatum in the rat is very large in proportion to the 
volume of the cerebral cortex. Fig. 4 shows it in frontal and hori- 
zontal sections through the levels used in later diagrams. The caudate 
nucleus consists of masses of cells scattered among the fibres of the 
internal capsule and is nowhere distinct from ihe descending fibres. 
The lenticular portion is relatively free from pyramidal fibres. The 
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experimental lesions described below ате restricted to the caudate 
nucleus and this is also the part whose injéry produces paralytic 
symptoms [10, 12]. : 

EXPERIMENTAL METHODS. 


Traiming.—For the study of visual habits a discrimination box of 
the type designed by Yerkes was used. It consists of a central com- 
partment opening into two parallel alleys which lead by lateral passages 





Fig. 2.— Composite diagram of the lesions in animals which retained the habit of visual 
disenmination after operation. The habit survived the destruction of any third of the 
blackened sares. 





Fie. 8.— Composite diagram of the lesions in seven animals which lost the habit of visual 
discrimination after operation. The area whick was destroyed in allis shown in solid black. 


to compartments in which food is placed. At the end of each alley is 
a small electric bulb, 5-watt frosted ‘‘ Mazda,” visible from the dis- 
crimination compartment. One bulb is lighted and the other darkened 
in irregular alternation and the animal is trained to choose the illu- 
minated alley, receiving food there and punishment in the darkened 
one. Training was continued with ten trials per day by the usual 
method of irregular alternation until the animals made thirty consecu- 
tive trials without entering the darkened alley. Controls were intro- 
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duced to assure that the Sneton was to the light aid noi to accidental 
SUP. ` 

‘ Operative methods.—Under ether anæsthesia the skull \ was pierced . 
on each side of the median ‘line at, the fronto- parietal suture and the 
bone clipped away to make. an opening, about 2 by 6 millimetres, above 
the caudate nucleus. Through this opening & small electric cautery, 
heated to redness, was plunged to a measured depth, then drawn slowly 
back and forth at a nearly constant depth throughout the length of the 





Fra. 4.—Frontal and horizontal sections through€the базай striatum at the levels of its 
maximum ares. с.а. — Oommissura anterior. с.с. == Corpus callosum. ' p.f. == Columna 
fornicis. о.о. — chiaama opticum. f. — fornix. g. == Genu corporis oallosi. Л. — Lobus 
hippocampus. Lo. — Ventriculus lateralis. n.o. — Nuoleus caudatus. n.h, =: Nucleus 
habenule. n.l. — Nucleus lentiformis. sp. — Septum pellucidum. 


А 


caudate nucleus. А fine scalpel was next passed from the posterior 
margin of the skull opening. to the base of the olfactory bulb and drawn 
back and forth with its point in contact with the floor of the cranial 
cavity, so as to sever the frontal pole from the remaining cortex. In 
‚ the majority of cases this method resulted in the complete destruction 
of the stimulable areas and in extensive lesions to both caudate nuclei. 
When hemorrhage was stopped, the scalp was closed with шене 
sutures and covered with a cotton-collodion dressing. 
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' Retention tests —Animals trained. before operation were tested in 
the problem box as soon as their general conditfon permitted; usually 
twenty-four hours after operation. -In these tests for retention of the 
habit the same method was employed as in training, except that no 
punishment was given for errors-during the first fifty trials; that is, 
the retention test is essentially a retraining in the habit and evidence 
for retention consists in the reappearance of accurate discrimination 
in significantly less time than was required for thé original learning. 

When a habit is lost after operation the question of post-operative 
shock must be considered. In earlier papers I have discussed methods 
of distinguishing between loss due to shock and that due to destruction 
of a functional area. In the present experiments positive evidence for 


‘retention following operation was obtained in every case, во that the 


question of shock does not enter, save ‘as an explanation of the few 
errors made in the trials immediately following operation. 

Reconstruction of lesions.—Afler completion of the retention tests 
the brains were removed and serial frontal sections stained with iron 
hematoxylin were prepared. Camera outlines of sections at intervals 
of one half millimetre were made and the extent of the lesions indicated 
on them. The positions of the sections were determined from internal 
structures and indicated on diagrams of these structures projected to 
the surface of the brain. The dimensions of the lesions were then 
transferred with proportional dividers to the diagrams, the points so 
determined connected by lines and the areas inked in. The reconstruc- 
tions were finally verified by reference to the sections. 

Only easily recognizable lesions, absorption or complete degenera- 
tion of the cortex and subcortical nuclei were recorded. - The diagrams, 
therefore, represent the minimal destruction produced by the operations. 
In all cases, probably, larger areas than those shown were destroyed, 
but, since the experiments deal with the non-function of given areas 
and do not seek to localize functions accurately, this fact does Bord in- 
validate the results. 

Graphic and tabular presentation of results.—In the кешыр of 
the figures a uniform system has been followed. Diagrams of the 


' superficial lesions made from camera outlines of an average brain are 


given at the top of the figure. Below at. the left is a diagram of a 
horizontal section through the cerebrum at the level of the maximum 
area of the caudate nucleus. Practically all of the ganglion cells of 
that nucleus are included within the dotted line, the posterior horn 
being made up almost altogether of the fibres of the internal capsule. 
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At the right, below, is & camera outline of & frontal section through the 
cerebrum at the level of the anterior commissure (except in fig. 12 
where the section lies at the level of the anterior horns of the lateral 
ventricles). In these outlines complete replacement of nervous structure 
by scar tissue or amorphous material is indicated in solid black ; marked 
degeneration with some nerve elements intact is shown by stippling. 

In the records of training and retention the “number of trials 
required for learning" represents the number of times that the animal 
traversed the problem box from the starting compartment to the food, 
before thirty consecutive trials were made without entrance into the 
dark alley. Төп trials were given each day in training and retention 
tests except where indicated. The records of these trials are given as | 
horizontal rows of figures, each number representing the number of 
trials, in the ten of that day’s practice, in which errors were made. 
Thus in the record of No. 17, 4:2:1:2, &c., means that on the 
first day four of ten trials contained errors, on the second two of 
ien, &c. Five errors in ten trials shows no discrimination. When 
no error is made for thirty trials, it is rare that errors occur in 
later trials unless the animal is disturbed by being roughly handled or 
by some new elements in the situation, such as those introduced by 
scrubbing the problem box. 


Тнк FORMATION OF HABITS AFTER DESTRUCTION OF THE STIMULABLE 
AREAS AND THE CAUDATE NUCLEI. 


The formation of maze, latch-box, and visual habits after destruction 
of the stimulable area in the rat has been reported in earlier papers 
[10, 12]. In the present study I have attempted to train animals after 
destruction of both the stimulable areas and the caudate nuclei. Only 
three animals have survived the operation long enough to give evidence 
of learning and they have formed only simple habits. The individual 
records of these animals follow. 


No. 171 Adult male.—The cautery was plunged into each caudate 
nucleus and the frontal pole of each hemisphere was incised. Training for 
yisual discrimination was begun eight days after operation. For several days 
he spent most of the time climbing to the top of his cage and falling back to 
the floor. When placed in the problem box he promptly climbed out and 
repeated this more than two hundred times in spite of severe punishment. He 


1 For convenience in reference these animals are numbered consecutively with others of 
the visual series which have been reported earlier [10, 11]. 
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was then placed in the left-hand feeding compartment in contact with the food, 
and began to eat immediately. Ву the process of rdmoving him a few inches 
farther from the food at each trial, he was trained to find his way through the 
training box from the starting compartment to the food. He was then given 
regular training in visual discrimination for seven days. In this time he 
showed no evidence of visual discrimination, but formed a position habit 
toward the left alley, which was fixed in a normal learning curve, with errors 
(turns to the right) as follow, in successive tens of trials :— 
4:2:1:2:1:0:0. 





Ето. 5.—Extent of lesions in No. 17. In this and the following diagrams a uniform 
arrangement has been adopted. Above, the lesions to the cortex are shown in lateral and 
dorsal aspects. Below, at the left, is a diagram of the horizontal extent of the lesions to the 
caudate nuclei, in this case embracing the entire extent of both nuclei. At the rightis a 
camera outline of a frontal section at the level of the anterior commissure, showing the 
depth of the lesion. In these outlines degenerated areas are stippled and scar tissue, which 
does not appear in this one, is shown in solid black. The outlines of the frontal seotions are 
reversed, the right side appearing on the left. The diagrams are correctly orientated. 


Ten days after operation he developed a marked spasticity and died on the 
eleventh day. Autopsy showed the wound infected, with extensive abscesses in 
both hemispheres, extending into the lateral ventricles. 

Extent of lesions (fig. 5).—Right hemisphere: The entire cortex of the 
dorsal surface of the hemisphere, from the frontal pole to the level of the 
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pillars of the fornix, is replaced by a cyst. The dorsal half of the striate 
nucleus, including all ofthe caudate nucleus, is absorbed. The lenticular 
nucleus is uninjured. Left hemisphere: The lesion is identical with that on 
the right. * | 

No. 18. Small adult male.—The frontal lobes were transected and the 
caudate nuclei cauterized. For eleven days the animal showed marked dis- 
turbances of movement, rotating to the right, so that he was unable to eat 
without assistance. By the twelfth day this trouble had partially cleared up, 
so that he could walk in a straight line—although he still tended to rotate 





Fig. 6.— Extent of the lesions in No. 18, Arranged as in fig. 5. 


when eating. - Training in visual discrimination was begun on the fourteenth 
day after operation. At first he had great difficulty in making the turns in the 
training box and in finding food, since the operation rendered him anosmic. 
In five days (fifty trials) he formed the sommsthetic-motor habits of the training 
box, so that he could go directly from the starting compartment to the food, 
correcting the error and orientating promptly when he failed to find food in the 
darkened alley. Ho still had some difficulty in recognizing food, and would 
eat shavings and fæces in the neighbourhood of the food dish, but not else- 
where. , He died twenty-three days after operation. 

Extent of lestons (fig. 6).—Right hemisphere The lesion to the cortex: 
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extends as a diagonal incision from the level of the thalamico-mamillary tract 
to the frontal pole, destroying all of the cortex of £he dorsal convexify and 
extending over the superior part of the orbital’ surface. The caudate nucleus 
is completely destroyed from the level ofthe anterior commissure to its 
posterior margin. The thalamus is invaded at the level of the anterior and 
lateral nuclei. Left hemisphere: The lesion to the cortex is similar to that 
on the right, but does not, extend so far laterad. The posterior part of the 
caudate nucleus is destroyed, аз on the right. The anterior and lateral 
thalamic nuclei are destroyed. 





Ета. 7. —Extent of the lesions in No. 19, Arranged as in fig. 5. 


No. 19. Large adult male.—The frontal lobes were transected and the 
caudate nuclei cauterized. Training in brightness discrimination was begun 
ten days after operation. The habit was formed in 180 trials with errors 
in successive tens of trials distributed as follows:— 

6:6:2:5:5:2:1:8:1:1:0:1:1:0:0:0. 

Extent of lesions (fig. T).—The dorsal convexity of both hemispheres was 
destroyed from the level of the thalamus to the frontal pole. The orbital 
surfaces and olfactory tracts were nob injured. The lateral portion of the 
right caudate nucleus was destroyed from the level of the knee of the corpus 
callosum to its posterior limit. The left nucleus was uninjured. 
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The data from these animals, in conjunction with that presented in 
earlier papers, establishes, the fact that the rat may form somesthetic 
motor habits in the absence of the stimulable cortex and of the caudate 
nuclei. І have shown that destruction of the stimulable area alone does 
not lead to an appreciable reduction in the rate of formation of visual 
habits, and that a difficult latch box, the “ double platform box,” may ~ 
be learned at normal rate after complete destruction of the stimulable 
areas and severe injury to one or both caudate nuclei [10]. Of the 
three animals reported in the present study, No. 19 alone survived 
long enough to allow of acquirement of the visual habit and in this 
animal the left caudate nucleus and part of the right were uninjured. 
In the other two, however, the stimulable cortex was destroyed and the 
caudate nuclei were either destroyed, as in No. 17, or severed from 
their thalamic connections, as in No. 18. These animals survived 
only a short time, but both gave unmistakable evidence of the formation 
of simple somsesthetic-motor habits. From the data on the retention of 
visual habits after the same operation, presented in the following section, 
it is probable that the animals would have formed the visual habit if 
training could have been continued. 

The problem of the relation of the extent of cerebral destruction to 
the complexity of the habits which may be formed must be reserved for 
later discussion’ when more adequate experimental data are available. 
The interest of the present study is chiefly in the question of whether 
or not habitual “ voluntary " movements are mediated by the stimulable 
areas. These experiments show clearly that neither the stimulable area 
nor the caudate nuclei are necessary for the acquirement of such move- 
ments. This is in agreement with the results of Rothmann [16] with 
monkeys and justifies the conclusion that the so-called motor areas are 
not essential to the acquirement of voluntary activities. 

This at once suggests the more important question of whether under 
normal conditions the motor areas are directly functional in the 
performance of habitual reactions. This problem has been attacked by 
destroying the structures after a complex habit had been acquired and 
testing for retention of the habit after the operation. 


Тнк RETENTION oF Visv0-MoToR HABITS AFTER DESTRUCTION ОР 
THE STIMULABLE AREAS AND THE CAUDATE NUCLEI. 

For tests of retention-after operation the animals were trained in the 

discrimination box until they made thirty consecutive trials without an 

error. When this record was attained the problem was considered 
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learned, but in some cases training was continued for from 30 to 60 
additional trials, as it was not always convenient to operate earlier. 
Since I have found that over-training up to 1,400 trials does not 
influence cortical localiz&tion, this additional training is not objection- 
able. When the problem was learned the animals were subjected to 
operation and their retention of the habit was tested as soon as their 
physical condition permitted. 

In training ten trials were given daily. When the animal entered 
the darkened alley he^was punished and the trial was recorded as an 
error, although he was allowed to turn back and pass through the 
illuminated alley to the food. In the retention tests the same 
method was used except that the animals were not punished. In 
the records given below the number of errors made in each successive 
ten trials of training and of the retention tests is given. Five errors are 
to be expected from chance if the animal is not discriminating. Fewer 
than four errors in ten trials suggest discrimination, and no error in thirty 
consecutive trials usually means that the animal will discriminate 
accurately thereafter. The individual records of the animals follow. 


No. 20. Large male.—Trained in visual discrimination. Sixty trials were 
required for кашыр with errors'in successive tens of trials distributed as 
follows :— 

A E E ъа ООО КЕ : 

The frontal lobes were transected and the caudate nuclei cauterized. The 
animal was first tested three days after the operation. He was slow and 
spastic, but made no error in twenty consecutive trials. For the next three 
days he was in an excited state and showed great fear, either refusing to run 
or dashing through the training box at random and paying no attention to the 
food. On the eighth day he was again normal in behaviour and gave clear 
evidence of discrimination. 

Post-operative retention tests ; errors in successive tens of trials on con- 
‚ secutive days after operation :— 

0:0: (frightened, 6:4:8) 0:1:0.1:0:0. 

. Estent of lesions (fig. 8).—Right hemisphere: the lesion includes all of 
. the cortex of the dorsal convexity from the level of the thalamus to the base 
of the olfactory bulb. It extends over the orbital surface at the level of the 
caudate nucleus where the cautery passed through the external capsule. The 
caudate nucleus is destroyed from the level of the anterior commissure to its 
posterior limit. There is some injury to the anterior thalamic nuclei. Left 
hemisphere. the lesion to the cortex is similar to that on the right, but does 
not extend on the orbital surface. The injury to the caudate and thalamic 
nuclei is similar to that on the right. 


“This animal showed unmistakable evidence of retention after 
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destruction of altis ihe entire stimulable cortex &nd of the posterior: 
‘two-thirds of both caudate nuclei. { 


No. 21. Small female about 90 days old.— Trained in visual disorimina- 
tion. Ninety trials were required for learning, with errors in successive tens 
of trials distributed as follows :— 

B:6:6:8:9:8:0:4:1:0:0:0:1:1:0:0:0, 

The frontal lobes were transected and the caudate nuclei cauterized. For 
the first week after operation the animal was unable to walk except in 6-inch 
circles and could not make her way through the discrimination box. By the 





Fra. 8.—Extent of the lesions in No, 20. Arranged as in fig. 5. 


ninth day after operation the motor disturbance had cleared up so that she 
could walk without rotation, although she still rotated when attempting to 
change direction and could not turn her body to the left. "Retention tests 
were begun at this time and the animal at once gave certain evidence of 
discrimination. The tests were continued for twelve days. Throughout this 
time she was unable to turn to the left but compensated by rotating 270 
.degrees to the right wherever the problem box demanded a turn of 90 
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degrees to the left. Fig. 14 shows some of her simpler paths in traversing the 
problem box. 6 

Post-operative retention tests; errors in successive tens of trials on con- 
secutive days. :— 

1:1:4:8:0:1:0:1:1:0:0. 

Extent of lessons (fig. 9.)—AIl of the cortex of both hemispheres from 
the level of the thalamus to the base of the olfactory bulb is destroyed. The 
right caudate nucleus is completely destroyed except for a small antero-medial 
region laterad to the forceps of the corpus callosum. The left caudate nucleus 





Fia. 9.—Extené of the lesions in No. 21. Arranged as in fig. 5. 


has а superficial transverse lesion at the level of the anterior commissure. 
The right anterior thalamic nucleus is invaded. 


After destruction of the stimulable cortex and severe injury to 
both caudate nuclei, resulting in marked motor disorganization, this 
animal gave certain evidence of retention of the habit of visual dis- 
crimination. 


No. 22. Large .male.—Trained in visual discrimination. Eighty trials 
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were required for learning, with errors in successive tens of trials distributed 
as follows :— t ` 
-7:7:4:2:1:1:0:1:0:0:0:0:0. 

The frontal lobes were transected and the caudate nuclei cauterized. The 
animal was stuporous for the first day after operation, but on the second day 
was in fair condition and reacted promptly to the problem box, although 
tending to rotate to the left. On this day he made four errors in twenty 
trials, but the errors were obviously due to failure to compensate for the 
motor difficulty and his behaviour in the discrimination compartment clearly 
indicated discrimination. On the following and later days he made no errors. 

Post-operative retention tests ; errors in saccessive tens of trials :— 

2:2:0:0:0:0. f 





Fra. 10.— Extent of the lesions in No. 22. Arranged as in fig. 5. 


Extent of lesions (fg. 10).—Right hemisphere. The lesion extends from 
the level of the thalamus to the base of the olfactory bulb, separating all of the 
cortex above this plane from the underlying structures. The cortex of the 
orbital surface was destroyed by the cautery. The lateral portion of the 
caudate nucleus is destroyed by a lesion which embraces the full width of 
the nucleus at the level of the anterior commissure and grows narrower 
cephalad and caudad to this level. Left hemisphere: The incision extends 
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from the leyel of the anterior commissure to the bage of the olfactory bulb, 
destroying all of the cortex above this plane. All of the caudate nucleus in 
front of the knee of the corpus callosum is degenerated; the posterior part 
ig uninjured. ё 


This rat retained the visuo-motor habit after*extensive but incom- 
plete lesions to the stimulable cortex and caudate nuclei. 


No. 23. Small adult male.—Trained in visual discrimination. Forty 
trials were required for learning, with errors in successive tens of trials dis- 
tributed as follows :— 

7:6:2:4:0:0:0.0:0:0:0:2:0:0:0. 





Fie. 11.— Extent of the lesions in No. 28, Arranged as in fig. 5. 


The frontal lobes were transected and the caudate nuclei cauterized. For 
three days after’ operation the animal’s eyes were closed and he could not be 
tested. On the fourth day he was in good condition and gave ciear evidence 
of discrimination. 

Post-operative retention tests; errors in successive tens of trials — 

9:1:0:0:0. 

Extent of lesions (fg. 11).— Right hemisphere: The lesion to the 
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cortex begins at the level of the thalamus as a narrow banc 
cephalad to include all © the cortex of the frontal pole. Th 
corpus striatum extends from the caudal limit of the nucleus 
length. All of the lateral half of the nucleus is destroyed, 
probably did not involve the median part in front of the anteri 
The depth of the lesion is the same throughout its length, in 
more than the dorsal third of the corpus striatum. Left he 
lesion to the cortex is practically identical with that on ti 
greater part of the caudate nucleus is destroyed, only the 
remaining uninjured, 

This animal showed perfect retention to the visuo-mo: 
nearly complete destruction of the motor areas. 


No. 24. Small adult male—Trained in visual discrim 
hundred trials were required for learning with errors in suc 
trials distributed as follows :— 

4:5:8:5:1:8:4:0:2:2:0:0:0:0. 

The frontal pole was transected and the caudate nuclei cs 
animal was stuporous for forty-eight hours after operation, then 
discrimination. He reacted slowly, but found his way throug 
box and gave some indication of discrimination, although he 
errors. On the fourth day of the tests he began to discrimiz 
and made no further errors. 

Post-operative retention tests; errors in successive tens of ti 

8:6:8:0:0:0:0. 

The fact that the habit was reacquired in thirty trials, in c 
hundred of original training, shows retention rather than relearr 
' Estent of lesions (fig. 19).—Right hemisphere. The 
cortex begins at the level of the anterior commissure and incl 
dorsal convexity of the frontal pole except a narrow median ba 
leg and part of the fore leg region remain intact. АП of theo 
in front of the anterior commissure is destroyed; its pos 
uninjured. Left hemisphere: The lesion is almost identical wi 

right. 

After extensive injuries to the stimulable area and ‹ 
the anterior halves of both caudate nuclei this animal рах 
retention. ' 


No. 25. Small adult female.—Trained in visual discrin 
hundred and ten trials were required for learning, with error: 
tens of trials distributed as follows :— ` 

4:5:4:5:2:8:0:8:1:1:1:0:0:0:0:0:0. 

The trontal pole was transected and the caudate nuclei ca 
three days after operation the animal was unable to, walk ex 
narrow circle to the right and could not get through the probler 


STUDIES OF CEREBRAL FUNCTION IN LEARNING 273 


fourth day she still rotated but was able to find her Fay through the box by 
keeping near the partitions, and made only one error in ten trials. On the 
following day she developed pronounced fear reactions and climbed out of the 
training box more than one hundred times. She was finally induced to 
make ten trials, but made six errors. Training was discontinued for five days. 
When she was next tested the fear had disappeared and she showed perfect 
discrimination. 

Post-operative retention tests; errors in successive tens of trials :— 

1:6:0:1:0:0:0. 





Fic. 12,—Extent of the lesions in No. 24. Arranged as in fig. 5. 


Extent of lesions (fig. 18).—Right hemisphere: The lesion to the cortex 
begins at the level of the commissura habenule and extends to the base of the 
olfactory bulb, including all of the motor cortex except a part of the hind leg 
area. The cautery passed throughout the length of the caudate nucleus and 
tbe entire nucleus is degenerated. Left hemisphere: The lesion to the cortex 
is similar to that on the right, but misses the antero-lateral surface of the 
frontal pole, and does not extend so far over the orbital surface. The caudate 
nucleus is entirely degenerated. | 


Practically the entire stimulable cortex and both caudate nuclei 
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were destroyed in thi anat There was clear evidence of retention 
following the operation. 

This group of animals is not РЕ but dompna all that 
survived the operation long enough to allow of retention tests. Every 
one of them gave evidence of retention early in the tests. · Table I: 
gives the number of trials and the number of errors, in learning and 
and in the post-operative retention tests. The average number of , 
iriale rogue for learning is a Only 33° 3 trials on the average - 





Fra. MS of the lesions in No. 35. Arranged as in fig. b. 


' were required after operation to reach the same degree of accuracy in: 
discrimination. Errors were made in an average of 96:6 trials in 
learning and in only 6'3 trials in the retention tests. These figures 

‘include errors obviously due to motor disturbance and fright following 
operation. Thus, No. 21 was never ‘able to turn directly to the left 

' and all her errors seemed due to failure to compensate for the motor 
difficulty ; No. 24 was slow and stuporous during the time when. 
errors were made; ; six of the eight errors made by No. 25 were made, 


М? 
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on's day when the ‘animal was too disturbed to eat. If allowance is 
.made for such errors, retention in every case W practically perfect. 


TABLE I.—-NUMBERS OF TRIALS AND OF ERRORS PREORDING THE FInsT Тнївтү ОонвЕоо- 
TIVE TRIALS WITHOUT Ёввов IN L;iBARNING AND POST-OPERATIVE RETENTION Тивтѕ FOR 
ANIMALS OPERATED АРТИБ TRAINING. 


Training ' Retention tests 
te ee d 
А Tals Errors Trials Errors 
No.90 ' .. ` 60 - 25 a 0 T 0 
No, 21 zs 90 m .81 $$ 4 90 ss 12 
No, 22 55 80 € ‹98. аъ 20 £s 4 
No. 98 - 40 es 18 ' ss 20 ‘ie 8 
No. 24 .. (1 100 + ` 29 зз 80 oe 11 
No. 25 ss 110 e B s 40 > 8 
Average 80 2; 96:68... 8838 .. ` 68. 


The small operative field presented by the rat’s brain and the 
necessity for avoiding hemorrhage on the floor of the cranial cavity or 
injury to the optic nuclei of the -thalamus make the complete destruc- 
tion of the caudate nuclei difficult. It was accomplished only in 
No. 25. In this animal also the entire motor area, except’ the pos- 
terior part of the hind leg region, was destroyed. The animal showed 
motor and emotional disturbance, but gave certain evidence of reten- 


tion of the habit. In No. 20 the posterior halves of both nuclei were 


destroyed; in No.- 24, the anterior half; in the others the lesions 
were irregular, but even more extensive. The lesions to the cortex 
in all cases included the neck, fore-leg, and the greater part of the 
hind-leg regions. 

Earlier experiments [10] had shown: that no part of the stimulable 
cortex is necessary for the performance of the visual habit. The 
alternative explanations of this fact were: (1) that the striate nuclei 
function either vicariously for the stimulable: cortex when the latter is 
destroyed, or normally as the source of efferent impulses from the 
cerebrum ; or (2) that the supposedly motor regions of the cerebrum do 
not lie in the direct path of conditioned-reflex arcs and are of only 


-gecondary importance in the.performance of voluntary movements. 


The foregoing results.seem to prove that the second hypothesis is 
correct. In the absence of the stimulable cortex, injury to the caudate 
nuclei dóes not affect retention of the visual habit and perfect discrimi- 
nations may appear, even after complete destruction of both nuclei. It 
seems clear, therefore, that neither the stimulable cortex nor the 
caudate nuclei are directly functional in the performance of the visuo- 
motor habit. l 
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The experiments have not dealt with the lenticular nucleus and the 
possibility that this fokms a link in the conditioned-reflex arc remains. 
The data previously presented on the effects of injuries to the striate 
nuclei [10] indicate that the caudate nucleus and the stimulable cortex 
together in the rat are equivalent in function to the stimulable cortex 
of higher forms, since their combined destruction results in relatively 
irrecoverable paretic symptoms. On embryological grounds there is 
less evidence for assuming homologous function between the lenticular 
nucleus and the stimulable cortex than between the latter and the 
caudate nucleus. In some of the earlier experiments of this, series, 
Nos. 7 and 8 [10], the cerebral cortex and underlying association 
fibres were almost completely transected at the level of the anterior 
thalamic nuclei; in the present experiments the greater part of the 
internal capsule has been destroyed without abolishing visual discrimi- 
nation. The cortical relations of the lenticular nucleus are not well 
established, but any occipito-lenticular fibres which may exist were 
almost certainly destroyed by these operations. It seems very improb- 
able, therefore, that the lenticular nucleus has any more important 
place in the conditioned-reflex аге than has the caudate nucleus. 

The evidence presented in this series of papers all points to the 
conclusion that in the rat the area striata on the dorsal convexity of the 
occipital pole is the only cerebral structure which functions in the habit 
of discrimination of light intensities. The habit may be formed or 
retained after the destruction of any other part of the cerebrum (with 
the possible exception of the ectorhinal and inferior temporal regions, 
which have not been explored but-are almost certainly not functional in 
this habit). This means that the conditioned-reflex arcs which mediate 
the habit must pass to and from the cortex by way of the occipito- 
thalamic fibres, that the reintegrations occur within the limits of the 
visual area, and that long transcortical association fibres do not function 
in the formation or retention of the habit. 

Are the conditions similar for other types of habit? There are no 

‚ significant data for more complex habits. The poor vision of' the rat 
makes the formation -of complex visual habits so slow that I have not 
been able to carry out similar experiments with them. I have not 
yet located an auditory area. Certain types Of latch-box habits are 
abolished by injury to the stimulable area [12]. The effective lesions — 
here do not correspond in extent to the stimulable area, but only to the 
excitable region for the neck and fore limbs, which are used no more 
than the trunk and hind limbs in the manipulation of the latch. It is 
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probable that the loss in this case is due to the fact that the frontal 
region is an important somesthetic projection afea as well as electro- 
stimülable. The one case for which there is clear evidence is the 
group of somesthetic habits of the discrimination box which determine 
_general orientation, finding of food, responses to doors, prompt correc- 
tion of errors, &e. These survive the destruction of any given third of 
the cortex [10] and of the subcortical cerebral nuclei. It is possible 
that they are formed at levels below the cerebrum; it is certain that 
they are not dependent upon the so-called motor structures. . 

There is some evidence, to be reported later, that the habit of the 
“double platform box” [10] is disturbed but not completely abolished 
by destruction of either the frontal or the occipital regions. This 
suggests that more complex habits involving diverse sense organs may 
demand co-ordination of distant portions of the cerebrum and that the 
visuo-motor habit dealt with in this study is too simple to give a typical 
picture of cerebral function. It does-not, however, indicate any greater 
importance of the “pyramidal tracts in complex habits, and we may 
conclude that the existing evidence for the rat all opposes the direct 

‚ participation of the “ motor areas” in the performance of any habit. 


2 


Tur FUNCTION oF THE STIMULABLE AREA AND THE CAUDATE 
NUOLEUS IN THE Rat. 


The evidence that the stimulable cortex in the rat has no direct 
function’ in the performance of habitual motor adjustments seems 
conclusive. What then is the function of this portion of the cortex? 
. Data for а final answer to the question are not available, but some 
` Suggestions are given by the motor disturbances following .unilateral 
lesion to the stimulable area and the caudate nucleus. 
` Immediately following combined unilateral destruction of the 
caudate nucleus and the stimulable cortex the animal shows & very 
pronounced rotation toward the injured side. Left, undisturbed, he 
“assumes а normal position, but immediately upon stimulation he bends 
sharply toward the side of the injury and walks in a circle, sometimes 
so narrow that the head is brought across the hind quarters or trips up 
the hind feet. The legs of the side opposite the injury are hyper- 
extended and spastic (fig. 15c). This condition may persist for several 
weeks, but usually clears up within a few days to such an extent that, 
` when the animal is, placed in a large oper space and allowed to become 
orientated, he is able to walk in a straight line. But the tendency to 
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rotate stil appears in many situations. When the ani 
the floor he turns araund several times before taking 
The necessity for avoiding an obstacle frequently re 
complete rotations. The tendency to rotate becomes 1 
in narrow quarters and in the problem box the animals 











. Fia. 14,—Tracings of paths followed by No. 21 in the discriminat: 
was unable to turn to the left but compensated for this motor difflor 
right, as shown. The discrimination was in each case correct. The 
alley illuminated and with the initial orientation. 


of difficulty in making the necessary turns. Fig. 14 ғ 
the path of animal No. 21 at a time when she was ma 
disctimination. She was able to walk in a fairly strai 
need for change of direction resulted in rotation t 
(Only the right caudate nucleus was injured in this an 


n feeding and a the animals show similar diffe 
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"a. 15. ~The behaviour in feeding of an animal with total destruction af tb 
: ашапыые area and caudate nucleus. Tor кушшо see tert — 


i al 
























rather: wide circle, but as soon. 
th the food, which stimulates the normal 1 rat to qu 
a definite feeding position, she turned sharply to the rig 
shown at A. She then rotated several times to the right | 
nce her nose was braced against the side of the dish (B). / 
position with hyperextension of the left legs is shown. at с. 
һа feeding position has been attained it may be held for some. 

at gradual relaxation of the strained posture of the body ther 
Thus, at D, the animal was held in contact with the food 
ty seconds, then gradually released. She then maintained. the 
eding position for nearly a minute, turning only gradually 
as successive bites were taken from the edge. of. the eub о 
d finally becoming overbalanced and falling. c 
the activities: of such. imals, ihe. greatest disturbance of - : 
n appears when. some new adjustment. to the environmen 
Initiation of locomotion, ве і їп direction of. locomotion 






























t нр that "the difficulty i 1 P 
X integrations. Thus, in 1917, Franz and the writer те 
ап animal with complete destruction of the motor cortex anc 
on of one striate nucleus, | vhich learned the “ simple maze,’ ey 
used had essentially the ame ground plan as the а ü 
in fig. 14. The animal was trained to go constantly to the — 
e1 tated and. fell constantly to the right and at first could not 
rn to the left. Не finally learned to grasp the end of the . 
with his left hind foot and, with this asa. pivot, to swing his Se 
he left and so enter the food compartment. Fig, 14 shows. а 2 
тотоп type of adjustment where the drive toward the goal i ds o 
ined in spite of the motor difficulty. e 
daptations seem to prove that the interference is not with t 
xX integrations of voluntary reactions. The compensa 
prt those described by Luciani [13] for pep ter € 
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Langelaan [9] and of their relation to decerebrate rigidity [ Wilson, 
19], suggest a possible explanation for the results of destruction of the 
cerebral motor structures in the rat. The initiation of almost any new 
activity demands a modification of postural tone, the assumption of a 
different pattern of tonic contractions, which may then persist almost 
unaltered for some time during the performance of finer manipulative 
movements. The behaviour of the operated rats suggests strongly that 
their chief difficulty is in taking a new posture. Once an activity has 
been ‘initiated and maintained for a moment even artificially, as when 
the animal is held in contact with the food, it may persist for a rela- 
tively long time until some stimulus to a new posture occurs. The 
disturbances seem most pronounced in the attempts to perform those 
`- activities which require the most complex and unusual postural co- 
ordinations: scratching and feeding. The compensations for the motor 
disturbances also suggest that the latter involve less complex, more 
nearly reflex, integrations than habitual acts. The primary compensa- 
tions are not by the direct restitution of motor control (recovery from 
the paresis) but by the acquisition of new patterns of co-ordination 
which tend to counteract the motor difficulty, much as a normal animal 
would adapt to a heavy weight attached to one leg. After the destruc- 
tion of the stimulable cortex the complex adaptive mechanisms are 
still intact. 

These facts argue strongly for a relative independence of the cerebral 
mechanisms for control of postural activity from those for voluntary 
movements. The hypothesis which seems best to fit the facts for the 
rat is that the stimulable area and caudate nucleus are concerned chiefly 
with the regulation of postural reflexes and that upon these are super- 
imposed the more complex integrations constituting voluntary acts, 
transmitted to the final common paths by extrapy#amudal fibres. This 
would make the cerebral motor structures an adflitional stage in the 
hierarchy of spinal, vestibular, and cerebellar m¢chanisms for the con- 
trol of postural reflexes. Such a function has glready been ascribed to 
the corpus striatum by Wilson [18], on the bags of work with monkeys, 
and the present experiments add to his confélusions only the fact that 
‘the stimulable area of the rat is to be cl@ssed in function with the 
striate nucleus rather than with the cerebjflll habit-mechanisms. 










x iN HIGHER MAMMALS. 


ctro-stimulable cortex con- 
r animals? It is certainly 
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Is such a view of the function of 
tradicted by evidence from the study 
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contrary to the accepted view of its function. In current text-books of 
physiology and psychology it is frequently stated that the motor area is 
the (sole) efferent path of voluntary movements from the cortex. Even 
investigators like Rothmann, who have studied recovery from hemiplegia 
in animals, look upon the stimulable area as the chief source of the 
. efferent fibres concerned with habitual activity’ In speaking of con- 
duction through extrapyramidal paths Rothmann says, “ Diese extra- 
pyramidale Leitung dürfte für die Erlernung neuer Bewegungen von 
grosster Bedeutung sein, während die in festen Besitz des Individuums, 
übergegangenen gut eingelernten Bewegungen vorwiegend die direkte 
Verbindung von Grosshirnrinde und Riickenmark, also die cortico- 
spinale Bahn, benutzen werden" [16]. Von Bechterew advances a 
similar view in describing the course of conditioned-reflex arcs across - 
_ the cortex from the sensory projection areas to the motor ares [1]. 

If this conception is correct for higher forms, it means that & pro- 
nounced change in the function of the stimulable cortex has occurred 
somewhere above the rodents in the evolutionary scale. But such 
changes in function are rare and in this case the evidence does not 
seem to show more than that the stimulable cortex of higher forms 
has taken over a part of the function which the cauddte nucleus 
exercises in rodents. 

` King [8], using the Marchi method, concluded that the pyramidal 
tract in the rat is small and unimportant, but Ranson [15] has shown 
that it is quite large, though made up chiefly of thinly medullated 
fibres. The area of the tract shown on Ranson's figures i8 propor- 
tionally. greater than in primates, so that it cannot be argued that there 
' is any great increase in the anatomical кш of the tract with 
ascent in the evolutipnaty scale. - 
^ The physiological evidence does not seem sufficient to prove that 
the pyamidal tractá, even of primates, are the efferent path for 
impulses to voluntary\movement. Fritsch and Hitzig [5] pointed out 
that the paralysis folldwing destruction of the stimulable area is only 
partial. Writing of the\motor centre they stated that‘ . . . es ist | 
sicher, dass eine Verletzumg dieses Centrum die willkürliche Bewegung 
des von ihm sicher in ein gewissen Abhüngigkeit stehenden Gliedes 
nur alterirt, nicht aufhebt, 8, also irgend einem motorischen Impulse | 
noch andere Stätten und n offen stehen um geboren zu werden 
und um zu den Muskeln eines zu ееп...” Nothnagel ob-: 
Served recovery from the f unilateral injury to the motor area 
and Garville and Duret [4] owed that the recovery is not due to 
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‘not so much the mechanism of voluntary 
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' the vicarious functioning of the motor cortex, of the opposite side. 
Rothmann [16] showed that in monkeys the extra-pyramidal paths 
are able to mediate learned activities. Thus it is certain that what- 
ever the normal function of the stimulable cortex in higher mammals 
it is not absolutely necessary for the performance of voluntary acts. 

The chief evidence for the voluntary function of the motor areas 
comes from the cerebral paralyses in monkeys and man. In them finer 
manipulative movements are greatly affected and the paralysis is much 
more severe, than in lower mammals, yet even so it is rarely complete. 
The condition has been characterized as an enormous difficulty rather 
than.an inability to move the paralysed limbs, and there is some 
evidence that the degree of paralysis varies with the general tonic 
condition of the organism. ` : 

Thus after cauterization of the stimulable cortex on one side the 
rhesus monkey may show a well-marked hemiplegia. But if he is 
badly frightened and chased about the room, he uses the lrmbs of both 
sides in an apparently normal manner. Left undisturbed, he again 
lapses into’ the paralytic condition. Gierlich [6] summarizes other 
examples of this sort. Similar incidents are occasionally reported for 
man. А girl with hemiplegia of fourteen years’ standing, following 
diphtheria, with paralysis of the right lims and marked contractures, 
tells me that when her brother pushed her from the wharf into a lake 
recently she used her paralysed limbs actively in climbing out. This 
patient is mentally retarded and perhaps not reliable. I know of no 
well-authenticated case of the sort, but evidence of less pronounced 
effects of emotional disturbance upon parafyses is frequently encoun- 
tered. Depressing stimuli, such as discusdion of the above patient’s 
very distressing home conditions, increase the extent of contracture 
and limit the power of voluntary movement. |Exciting stimuli, on the 
other hand, will sometimes increase the extentf of voluntary movement, 
and have been used to advantage in re-educatfion (personal communica- 
tion from Dr. S. I. Franz). 

АП these facts point to the conclusio 













t, even in primates, it is 
sment which is affected in 
m whose action is usually 
the direct conditioned- 
after section of the 
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facilitation of the areas. Voluntary movements are possible in the 
absence of the motor areas; there is not conclusive evidence that they 
function directly in habit; the phenomena of cerebral paralysis can 
be explained on the assumption that the motor area is postural and 
facilitating in function; there is clear evidence that the analogous 
structures in lower forms are not directly concerned with the per- 
formance of learned activities. Although not conclusive, these con- , 
siderations seem sufficient to. cast doubt upon the accepted explanation 
of the function of the motor cortex, and to demand further experimental 
investigation before we can conclude that the pyramidal tracts form 
the efferent path for impulses to voluntary movements. 


SUMMARY. 


It has been shown that the albino rat is able to acquire somesthetic- 
motor habits after destruction of the electro-stimulable cortex and the . 
caudate nucleus.  Visuo-motor and simple ‘somesthetic-motor habits 
which are acquired before the operation are retained after the destruc- 
tion of. these structures and probably after the section of occipito- 
lenticular fibres. It is clear, therefore, that neither the cerebral- 
motor areas nor the subcomtical nuclei are directly concerned with the 
performance of learned activities. | 

Combined destruction gf the motor area and the caudate nucleus 
results\in’ relatively permanent motor disturbances resembling hemi- . 
plegia in monkeys. -Evidehce is given that the difficulty is primarily 
in assuming new attitudes,|and it is suggested that the primary func 
tion of the cerebral motor structures in the rat is the regulation of- 
postural reflexes. Existi evidence does not seem to exclude guch ап 
explanation of the functifon of the stimulable cortex, even in man. 
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A PSYCHOLOGICAL INQUIRY INTO THE NATURE OF 


THE CONDITION KNOWN AS CONGENITAL WORD-,. 


BLINDNESS. | | 
К BY LUCY б. FILDES. 


Тнв aim of the investigation about to'be described was to discover 
‘something of the-psychological characteristics of the condition commonly 
called by the misleading term of congenital word-blindness—a condi- 


tion which shows itself most clearly in the subjects’ extreme difficulty, .- 


À. 


{> 


or even: total failure, in learning to read, and appears to be closely : 


related to the various forms of acquired alexia met'with commonly as . 


‚ the result of brain injury in later life. : 
Three explanatory theories, it will.be remembered, have been put 
forward as indicating the nature and cause of this condition, viz.:— 


(1), A theory which ‘assumes the existence of definitely localized and | 


circumscribed visual and auditory word-centres in the brain, ‘the 


, destruction or isolation of which will destroy language in ы its . 


visual or its auditory aspect ; ХА 
(2) А theory which interprets word-blindness as only « one symptom 
_in a general lowering of mental ability; and 


. (8) One which attributes the condition to a more specialized lowering . . 
of power in the primary visual centres, rendering true visual percep- 
í { 


'tion of words &nd of other complex sense-daía difficult. 
' The. main problems raised by these different interpretations are two 


in number. Is inability to learn to read or the loss of the power of . 


reading due to specific or-to general defect? If the former, does the 

' defect show itself only in reading, or does there appear to be any 

general lowering of visual power? A psychological investigation should 
throw light on thess points. 

The subjects mainly-used for the investigation were twenty-six in 

‚ number—all children between the ages of 9 and 16 years, who were in 

‚ attendance either at ordinary elementary schools (4) or at special schools 

for mentally defective children (22).. They were selected on the report 


of their teachers as finding ‘reading a very great difficulty. Before the , 


work peculiar, to the investigation was begun, all the children were 
tested (a) with the Stanford revision of the Binet scale, in order to get 


oC ~ 
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some idea of their general mental к апа (0) with various recog- 
nized reading tests, in order to get an estimate of "their reading power, 

The results of these tests show that the subjects differed very 
considerably in general ability as measured by the Terman scale—the 
intelligence quotients varying from 50 to 111. Classification on the 
basis of these results gives the following groups :— 


‘ 1 subject has superior inteligence .. . LQ = ш 
4 subjeots belong to the class dull and backward A .. 1.0. = 82-88 
8 subjects show border-line deflcienoy ae .. LQ. = 70-79 
* 18 subjects are classifiable as morons of different grades .. LQ. = 60-69 


Four of the subjects from the first two groups were in normal 
schools, the fifth in a school for the mentally defective. It is inter- 


‘esting to note that this boy fell below,the others of the same group, 


chiefly in reading ability. Hè was, however, better at reading than the 
brightest boy, who showed superior intelligence. 
Testing for reading power in particular revealed also a great ВОЯ 


. in the ability of the subjects. Some of them could recognize no single 


letter, word or figure with апу ‘certainty ; others could read simple 
words and knew all letters and figures well. It was estimated, 
however, that no child was less than four years retarded in reading 
ability and some of them showed retardation much greater than this. 
Even the children who could read best had a marked difficulty in 
writing from memory words which they could read—they could not 


. spell. 


No relationship existed between the РЕ, intelligence quotients 
and their power in reading. Two of the worst readers were the least 
intelligent and‘ most intelligent boys. The three worst cases examined, 


' i.e, cases with. no reading power at all, had intelligience quotients of 


61, 79 and 78 respectively. Many defective boys with such high 


` intelligence quotients read quite well. 


The tests in the scale used for finding the intelligence quotients 
gave no indication of any special disability common among the children. 


: On the whole. ihey failed most on tests requiring auditory repetition, 


but this characteristic does not mark them off from defective children 


. who can тевд. 


The main suggestion of is EA work, then, is that inability 
to learn to read depends rather on a specific than on a general defect, 
although in school life such a defect may, because of its nature, simulate 
one'more wide- кй in | character. 
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, EXPERIMENTAL WORK. 


“The experiments аай at investigating each subject’s ability in the 
various forms of mental activity known to be involved in the complex 
act of reading, in so far as that act implies the power to recognizé 
words, letters and figures previously taught. Reading proper, ie., 
reading new words, involves, of course, yet further powers, in particular 
the power of ready analysis and synthesis and quickness in applying 
what is known to new situations; and for this reason probably most 
defective children are slow in reading and in learning to read. It was, 
however, in their failure to retain what had actually been taught that 
our group of non-readers showed their extreme peculiarity, and because 
of this fact the experiments aimed primarily at testing activities required 
here. These activities fall into three groups :— 

(1) Rapid and easy visual discrimination of forms, together with 
the ability to retain these without undue repetition. 

In particular this discrimination must be extended to forms which 
closely resemble each other (e.g., ran, ram), and also to those which differ 
only in the arrangement of their parts, (e.g., b, d, p—god, dog—saw, 
was—d&c.). It may here be noticed in passing that this power of retaining 
the knowledge of the relationship of the parts to each other and to the 
whole in a visual percept is one often late in development. 

(2) A similar rapid and easy discrimination of sounds. 

(8) The possibility of establishing readily &n association between a` 
given form and в given sound. 

Hence the experiments used can also be arranged in three groups 
according’ to the special power which they aimed at testing. Each was 
carried out with most.of the members of the non-reading group, 
although it was not always possible to include them all. In each 
experiment the results of the group of non-readers tested ате compared 
with those of a group of readers, equated as far as possible with the 
non-readers with regard to age and mental ability. 

All the experimental work was carried out individually with each 
child, the procedure being the same throughout the experiment in all 
cases. d 


§1.—Ezperiments to test the Powers of Visual Discrimination and 
Retention. 

— _Expervment 1.—The aim of this experiment was to test the subject’s 
ability to distinguish between unlike and to recognize like forms when 
these are presented in sequence. In particular it was planned to reveal 
whether and how far— 


A 
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(1) Forms showing right’ and left or top and bottom reversal can 
be distinguished in memory, and 

. (2) Forms containing common elements tend to be confused. 

Eighteen series of forms were prepared, each series containing some 
quite different and some ‘similar or like forms. The number of forms 
in each series was twenty; of these eight were either exactly like or 
closely resembled others. The same form was never used in more 
than one series. Each series was taken as a separate unit and the 
subjects were told that they were to make their judgments in relation 
to the forms of that series only. ! 

. The forms were shown to the subjects individually, each being 
exposed for a period-of two seconds. After each exposure the subject 
was required to say '' Yes" if he judged the form to be like one already 
seen in the series, and “ No ” if he judged it to be a different form. 

Care was taken to prevent the repeated forms from occupying 
similar positions-in the different series.  As's rule, two series of forms 
only were exposed during one sitting with each subject. In this way, 
the possibility of confusion with forms of other series was reduced; as 
a matter of fact there is no evidence to show that such’ confusion 


‘constituted a source of error. 


The following are examples of the forms used :— 
Series 1.—Repetitionof like forms. (° Indicates that the form is a 
repeated one.) 


NG d Neo SF beth 


D o) Т 4. “д "a ШЕ. ы 


19 2 (do 4 
17 ү, Ж | 
Series 3.—Repetition of forms inverted. 


I c ee ae 


эч mox BUT 
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The repeated forms in the different series were :— 

Series 1 and 2. Exactly alike. 

Series 8 and 4. Alike except for RL inversion. 

Series 5 and 6. Alike except for TB inversion. 

(After passing judgment on the foregoing series, the subjects were 
told that the differences in direction were to count as points of 
dissimilarity.) 

Series 7 and 8. Alike except for TB inversion. 

Series 9 and 10. Alike except for RL inversion. 

Séries 11, 12 and 18. Alike except for either TB or RL inversion. 

Series 14, 15 and 16. Alike either wholly or partially. 

Series 17 and 18. Alike either wholly or in one а whole 
form consisting of three parts. | $ 

The results, given in percentages, are tabulated below. .Four- 
teen non-reading boys worked through the whole eighteen series. 
Twenty-four non-reading boys and seven reading boys (i.e., boys who 
could read up to or beyond their intelligence level), also defective, 
worked with the first two series also. 


TABLE 1.—8ножтка THE ÅBILITY OF NON-BEADING Boys то RECOGNIZE Take Forms Ав 
LIKE, AND DIFFERENT FORMS AS DIFFERENT. 


No. of Percentage of answers *‘ Yes” Percentage of answers 

x to torma entirely alike or “Yes” to forms 

ьет1ёв alikein some particular entirely different 
"E 82:5 5:5 
а, 65:8 27 
8 66:6 1:6 
4 566 5:0 
5. ' 60-7 58 
6 598 5°8 
7 ATS c 665 
8 48:2 24 
9 500 2:9 
10 45:0 6:5 
А 11 428 4.8 
12 45°6 | 66 
18 557 7.0 
14 + €9 2 and 2184 64 
15 + 51:9 and °28 0 TT 
16 + 8277 and °26°9 44 
17 + 880 and ? 15:0 oe 189 
18 + 51:9 and ° 25:0 E 5'1 


+ Whole form repeated. ° — Part repeated. . 
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TABLE II.—SHOWING Comparative ABILITY OF READERS AND NON-READERS IN 
` “RECOGNIZING Lrxawzss IN FORMS SUOCESSIWELY PRESENTED. 


+ ^ = ! 4 
, " Percentage of answers “Yes” — ^ 
* _ a Nee 
(1) To like forms (2) Tounhke forms , 


Beros 1 :— : 
Readers as 57-0 is 8-5 
Non readers 8% | 16:0 ss 6:9 
Series 2 :— 
Readers RS 480 as 6:0 
Non-readers d 61:0 N 9:4 


i 
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These results seem to warrant the following inferences —— 

(1) All the children examined were able with considerable ease to 
recognize like and to distinguish unlike forms successively presented, 
when the forms were like or unlike in all particulars. - The non-readers 
were in no way. inferior here to the readers. 

(2) The non-readers found forms alike except for differences of 
orientation very difficult to distinguish, even when special attention was 
directed to that aspect of the form. . 

(8) Difficulty was also occasioned by repetition gf a part of a tol 
"in other surroundings. 

It was unfortunate that the-other series could not be worked through 
with the reading group. Reference to а similar experiment, however, 
performed with a group of younger subjects, suggests that the difficulty 

‘shown here by the non-readers in dealing with forms differently 
orientated is considerably in excess of the normal, The results of this 
' younger group show only 26'4 per cent. and 23°7 per cent. of error in 
dealing with two like series. 

Haperiment 2.—This experiment was planned to discover whether 
: the length of exposure of a form made any difference to the children's 
power to recognize it on a second presentation, and if this did occur to 
see whether the non-readers in particular suffered from Sere ce of 
.the. exposure. 

The subjects were fifteen non-readers and ten readers. 

‘The work was similar to that of Experiment 1, a series resembling 
in construction Series 1 and 2 of that.experimient being used. It 
differed only in that here, by the use of a simple drop-shutter apparatus, 
the exposure-time of .each form, was momentary, instead of being, as in 
the-first experiment, two seconds in length. 
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TAnLz III. -- SHOWING ÜOMPARATIVR ABILITY OF RRADERS AND NON-RBADERS IN BECOGRIZING 
Ілкв Forms UNDER CONDITIONS oF MOMENTARY EXPOSURE. 
* 


Percentage of 
a) Correct answers (2) Incorrect answers 
Readers es ` 450 Е 19:0 
Non-readers T 56:0 А 10:0 


There is no evidence here that non-readers as a class fail in speed 
of perception or in ability to recognize forms with material of this type. 

Note.—In spite of previous practice with the apparatus all the 
children found this work much more difficult than the related work in 
Experiment 1, and it is not felt that the results are very trustworthy, 
since certain individuals, finding the work beyond their powers, tended 
to respond automatically—saying “ Yes” or “No” to all the forms. 
Cases in which this tendency operated throughout have been omitted 
from the results. : 

Experiment 8. Reproduction of forms.—ln order to test further 
the effect of length of exposure on the ability to perceive a form in the 
two selected groups of subjects, ап experiment was planned which 
demanded the reproduction of forms seen only with momentary 
exposure. 

The forms were exhibited by means of the apparatus already 
mentioned, each form being shown three times in succession. After 
éach exposure the subject was required to draw what he had seen. 
Finally the subjects copied each of the drawings from the original card. 

Twenty boys, ten readers and ten non-readers, performed this 
experiment. р 

It is in practice impossible to judge the results by any allocation of 
marks, but the general impression gained by a careful examination of 
the drawings is that there is nothing to distinguish the work of the 
non-reading group of boys from that of the readers. Some of both 
groups reproduce well and some reproduce badly. A much higher 
correlation exists between the subjects’ reproductions and their 
‘drawings from the copy than between their reproductions and their 
ability to read. 

-We seem, then, justified in inferring that slowness in visual per- 
ception is not an important factor in causing difficulty in learning to 
read. 

Eigperiment 4. An experiment in learning from visual material.— 
The aim of this experiment was to discover whether the boys grouped 
ав non-readers showed any special disability in learning from visual 
material, the method of learning being left free. 


n 
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To this end four к Squares were prepared, each divided into nine 
small squares. Each small square was filled with either (1) a ae 
(all the subjects could nme every colour used quite’ accurately) ; 
` (2) a simple geometric! drawing or a representation of some common 
object. ` 

Each large square was Bh ud to the subject for & fixed period 
(thirty seconds). He was then required to indicate on a duplicate 
skeleton square the contents of each small square. 

This experiment was performed by thirty-six boys, twenty-four 


‘non-readers and twelve readers. 


The filled-in duplicate squares were marked as follows :— 
(1) Each form or ‘colour correctly placed received one mark; (2) 


~ each form or colour correctly given but misplaced by not more than 


one square in any direction received half a mark. 
The marks gained by the réspective groups are given below :— 


> Tapes IV.—RESULTS OP THE OQoroun SQUARE EXPERIMENT. 


The figures given indicate the percentage of actual in relation to possible successes with 
each square, each group of boys being taken as a whole. 


Number of square: 1 2 5 4 7 
Readers E 45 ve 38 £s 48 ae 52 
Non-readers'.._ 44 a 89 | 49 š 42 


Examination of thc: results makes it quite clear that from this 
experiment no evidence can be obtained which would indicate that non- 
тевйетв find learning from visual any more difficult than do readers of 
equal mental -attainments. The percentage of successes in the two 
groups are almost identical. i ` ' 

In all cases, however, the method of learning employed was andito- 
motor-visual. x 

Further, success in this experiment did not depend on the. power 
to differentiate between forms nearly alike or forms differing only in 
position. Results were considered as right if the drawings made were 
recognizable, irrespective of the accuracy of their details. Nearly 50 


‘per cent. of the errors made were due to misplacement of the colours 


or forms, while many of the drawings showed faulty orientation. 
Experiment 5.—In common with the two succeeding experiments, 
Experiment 5 aimed at carrying further the investigation already begun 
in Experiment 4,1.е., it was planned to discover whether the reading 
and non-reading groups differed in their ability to learn from visual 
material. These three experiments, however, differed from Experiment 
4 in that— i 
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(1) The material used (digits and words) was actually of the kind 
ordinarily used in reading, Learning from it, therefore, demanded . 
the power of discriminating rapidly between very similar visual pre-, 
sentations. | | 

(2) The actual learning was more definitely visual in type. As far 
as possible auditory and motor aids to learning were prevented.. 

The fact that material such as digits and words could be used for 
experimental purposes with children defined as non-readers requires 
perhaps some explanation. The tests of reading ability were made at 
the beginning of the experimental work; these tests were made near 
its end, some nine months later. In the meantime attempts to teach 
reading had been carried out side by side with the actual experiments. 
No child had been found entirely incapable of learning any words or 
' figures when taught alone in this way. At the end of the nine months, 
therefore, all the subjects used for these three experiments could name 
all the words and figures employed in them quite well. 

In Experiment 5 digits were used as learming material. A typed 
list cf numbers was prepared, having on it four 3-рЈасе, four 4-place, and 
four 5-place numbers. These were exposed in turn to the subject, each 
for & period amounting to one second for each digit. Immediately after 
each exposure the subject was required to give-the number seen. 

The work was done by eleven readers and: twenty-six non-readers. : 

The results were marked in terms of error as follows :— 

(a) Omission or insertion of a digit, or the substitution of one digit | 
for another = 1 error. А 

(b) Misplacement of a digit by not more than one place = $ error. 

(c) Interchange of two. neighbouring digits = 4 error. 


Tannm V.—SuHowiNG AvERaGE ERROR PER BOY IN THE REPRODUOTION OF А 
DIGITS LHABNT VISUALLY. 


\ * Number of digmtsin group 8 4 5 ' — Total 
Readers 0 127 .  .. 8-8 e 48 
Non-readers’ .. 1:9 axe 4:6 e 8:8 s 15:8 


A glance at the table given above is sufficient to indicate the 
' comparative failure of the non-reading group here. Ап examination 
of the nature of their errors is even more instructive. The chief causes 
of error were :— 

(a) Misplacing of digits in the number given, and 

(b Misreading of digits similar in form, e.g., 6 and 9, 5 and 8, 
5 and 8, 8 and 8, &c. КЕ 

The results of this experiment, therefore, seem to confirm those 
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found in Experiment 1, viz., that non-readers as a class find difficulty 
in distinguishing between visual impressions Which closely resemble 
each other, although they are readily able to appreciate and to ae 
more marked differences. .. : 

_ Experiment 6.—To test the power of : reproducing numbers presented 
visually with momentary exposure. 

The main aim of this experiment has iip been indicated 
(Experiment 5). Its further object was to test the effect of length of 
exposuré on the reproduction of numbers. | 

The numbers used were printed om cards and exposed in the drop- 
shutter apparatus previously mentioned. Five exposures of each 
number .were made, the subjéct’s reply after each presentation being 
noted. The numbers used were :— : бк 


(0) Tl, (4) . 65 (7) 27408 (10 914 (18) 8502 
(2) 92710 ` · (9 7930 (8) 049 (11) 36019. 
(8) 699 6) 5186 (9) 4917 . (12) 882 >: 


PE A 
Taste VlL-—B8H8owisa THE RBLATIVE ABILITY оғ READING AND NoN-READINGASBOYB 
IN тив REPRODUOTION OF NUMBERS EXPOSED MOMENTARILY. 


Group A.— Twelve Readers, 


No. of exposure: 1 2 8 4 5 
Сата 1 PN 2 i2 0 0 0. 0 
2 `> 2 ; 174 0, 1 23 
8 18 5 i 23 94 8 
4 4$ 2 : 34 14 1 
5 14 i * ii 7 5 
6 9 à 4 33 8 
D 19 ‚8% 2 1 0 
'8 2 1 1 2 
» ge 27% 144 11 T 63 
io * 2% 2 . 1 1 1 
11, 19 7 5 Бї 9 
19 8 24 2 ' 8 2 
18 Е 16 . 74 4 8} 84 
Total 159 85 57 41} 814 
Average error ? . ; „ К CAT. 
acp He йо PRO. ne A te, 84 2:6 
+ Group B.—Ten  Non-readers 
No. of expoeure : 1 Е 2 8 4 | 6 
Oard 1 : 64 veg vi lk i 1 0 
2 994 .. ' . 90$ aie 15 v. 18 i Tå 
3 16 » 15 114 bs i 10} 
n: 63 `6 5 Ж 94 2 
5 80 Ts 284 a 18} 18 B4 
6 9 — 9$ vs 6 4à 5g 
1 914 не 10 : 8 6^ 4 
8 2 А 1 0 0 0 
9 25 ; 164 123 83 10 
10 9 З 5 ' 4 ж 8 8 
11 4 M 1 1 0 0 
12 i 14 к 12 ee 9 i 6 
‚ 18 » 18. ws, |, Me a, n 1 T 
"Total s 1804 198g 98 87à 644 
Average error " ы М 
por head j a 1 18:8 98 8T 64 


296 ORIGINAL ARTICLES AND OLINIOAL CASES 


The results were marked as in the preceding expe 
number of errors. on’ each successive exposure (taking 
together) was then found for each group of boys.  Finall 
error per head per exposure was estimated for the two ртс 

Table VI gives the actual results. 

These results entirely support the inferences made і 
ceding experiment, for the inferiority of the non-reac 
evident. It is hard to say, however, how far the compt 
of this group is due to the difficulty previously noted, 
to perceive small -differences in visual presentations. Т 

difficulty is clear, but that it is the only or even the n 
is doubtful. The children’s behaviour in this experimen’ 
suggested that part of their failure was due, not only to 
to rebain the visual impression, but to the slowness of th 
processes, which prevented their getting sufficiently quic 
of-the number presented. 

' Experiment 7.—-То test the subject's ability to recogn 
letters shown under conditions of momentary exposure. 

The material used in this experiment consisted of 
words and nonsense words: (1) window; (2) char; (3) Е 
(5) feg; (6) tadel; (7) flore; (8) cair; (9) pen; (10) b 
(12) box; (18) table. | 

They were printed separately on cards and exhibited 
shutter-apparatus. Three exposures were made ot es 
subject being required to state what he had seen after e 

Nine readers and ten non-readers performed the expe 
ten non-readers could, however, recognize under ordine 
all tae letters and all the words used. 

_» The results were marked on a scheme similar to tha 

. preceding experiment. Table VII gives the percentag 

the зто groups:— 


ТАВІВ VII. 
* ко of exposure 1 “ 2 
Words and Readers - 85 3 21 
non-words Non-readers .. 88 . 28 
Words alone Readers 2s 26 16 
' Non-readers .. 21 T 19 
` Non-words Readers x 59 d 84 
alone Non-readers  .. 58 E 27 


Contrary to the results of the preceding experiments, 


. 18 given here of any difference in ability between the 
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non-reading groups. Two reasons may be offered to explain this 
fact :— b 

(1) Since the non- reading children had learnt these particular 
words and letters, they may, for purposes of this experiment, be 
considered readers. This argument could, however, be equally applied 
to the work with digits. 

(2) It is well known that very little is actually seen under condi- 
tions of momentary exposure—what we do see is. added to through 
. association and depends very largely on what we expect. This being 

во, the group of non-readers was at a considerable advantage in this 
experiment, for they knew only a few words and expected those words 
to occur in any reading exercise. The readers, on the other hand, 
had a much wider range of words called up by what they saw, and so 
were the more liable to error. { ‹ 

It is now possible to summarize certain general inferences that can 
be made with regard to the power of non-reading children in visual 
discrimination and learning. Comparing them with readers of equal 
mental ability, we find that these children are able :— 

(1) To discriminate between unlike forms and to remember them in 
a normal degree, except in cases in which the forms (a) differ only in 
part or (ф) are alike, except in their orientation. 

(2) To make such discriminations equally with the normal, what- 
ever the length of exposure time of the form. : 

(3) To learn from visual material also in a normal degree when the 
method of learning is free and the forms easy to distinguish, but 

(4) To find such learning abnormally difficult in cases in which it is 
(a) more exactly visual and (b) concerned with easily confused material, 
e.g., digits. 

- The main reasons suggested as а cause for this trouble are slow dis- 
crimination of similar visual presentations and faulty association 
between a visual impression and its appropriate name. Probably both 

` causes operate in every case. iz 


$ 2.—Experiments to test Auditory Discrimination and Retention. 


Experiment 8. The auditory learning of digits ——The work of 
certain of the non-reading subjects had indicated that possibly a specific 
auditory difficulty existed in some cases of inability to read. The two 
following experiments were, therefore, planned in order to test the 
power of the. non-reading group as в whole in auditory discrimination 
and retention. In this first experiment the material used was digits— 


‘ f 
\ 
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in PR and arrangement exactly similar to those used in Experiment: 
i 5, 1. four 8-plach, four 4- 85 and four 5- place numbers жете 
на "s 

The numbers were read by the experimenter at & uniform rate of 
one digit per-second and immediately after the completion of each : 
а reproduction was attempted by the subject. D 

The results were marked according to the, scheme given in Experi- 
ment 5'(p. 293). ' They are recorded below. | 


TabLz VIIL—SmHowixa AVERAGE ERROR PER Boy IN THER | BaPRODUOTION oF Drarrs 
LBABNT BY HranrmG. 


` Number of digits in group: 8 : 4 7 Total 
Readers S 0 e 0-18 es 2-6 X 2°78 


è _ Non-readers ais 012, 25 0:94 sis 444 «2 5:5 


The non-readers ‘as в group haye greater difficulty i in reproducing ; 
digits presented auditorily than do the readers, although their difficulty 
is not relatively so great as with visual presentation of similar material. ' 

The work with digits was carried out by exactly the same boys 
in both groups—readers and non-readers. 

Experiment 9. The auditory learning of sentences. —The aim of | 
‘this experiment was to test the power of learning among the non- : 
readers from auditory material other than digits. І 
| Twenty-four sentences were used, including four with each of the 
following number of syllables: 10, 11, 12, 18, 14 and 15 syllables. 
Each sentence was read aloud to the subject and an immediate repro- . . 
duction required. 7 

The results were then marked according to the following ай —, 

q Insertion or omission of any word — 1 error. P 

(2) Misplacement of a word or phrase = } error. 

' The subjects were twenty-three non-readers. , The value of thé 
results was estimated by comparison with what is normal ‘for the. 
mental ages of the children concerned. : 

The actual numerical results (in terms. of error) are given in 
‘Table IX (page 299). 

Most children of'from 6 to 7 years of age are able to reproduce 
„accurately sentences of.from sixteèn to eighteen syllables. Almost all 
these subjects had a mental age of over 7 years—a fact which indicates 
that .their difficulties in this experiment were fer greater than would 
be expected. 

These results, therefore, are in agreement with those of the preced- 
‘ing test—the non-readers as a group show a special disability in retain- . 


ing and reproducing | a series of auditory impressions. 
e 3 


Mc 
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TABLE IX.—SnHowrsGa THE Noin OF ERRORS MADE BY BACH .SUBJEOT IN THE 
А i Е RaPRODUOTION or SUNTENOES. 


- Number of syllables 10 B 11 ^.. 12 .. 18 B 14 5 15 
in each sentence : . | i ; А 
Total number of syl- 40 25 44 zs 48 . 52 . 56 ds 60 


lables to be repro- 
duced in group of 
four sentences 


. Brrors made by (1) 


. 
H 
os 


t ] 
8 2 T Ж 22 
subject 
4) о 0 0 . 9 а ss 5 
(3) 94 8 5 . 6 11 ,.. 96 
i (4) 0 1 8 .. 8 10 .. 19 
() 0 2 2 9 7 16 
(0) Цц 1 10). 5 15} 84 
(7) 2 1 з . 6 11 16 
(8) 24, 5 г 8 . 8' 18 25 , 
9) 0... ° 0 2.60073 2, 1 6 11 
0 о .'. 0 Р 0 s 4 0 8 
(ш) 0 0 .. 0 . 0 1 0 
- (9 о .. 0 : 0 .. 0 0 0 
18) 0 i. os ау E ig 2 
fia) 0 0 s Exo 5 7 
(5) 0 0 s чоо. 2 0 Š 
(16) о Оа 0 4 0 0 à 
(7) 2 0 8-79: 0 1 9- 
(18 б 8 14  ... 14 19 39 
19) 0 0 0 . 1 1 2 
90 1 о. 0 . 0 6} 6 
X 91) . 0 0. 9 . 8 6 10 
(22) 0 о. 0 .. 0. 1 2 
(28) 14 э. 19 .. п 18$ 89 


`+ Certain points are, however, of special interest :— 

| (0) "Individual differences in capacity revealed by this experiment 

are very great, much greater than those shown when visual material 

' , was used. These differences show no correlation with variations in 
general mental ability. 

(2) Certain subjects whose auditory power as measured by Tum 
experiments is very limited, are among the worst readers in spite of 
the fact that their general mental capacity is comparatively high. 

' (8) No correlation exists between the findings in the auditory tests 
and those of certain visual tests, e.g. Hxperiment 1: correlation 
between results of Experiments 1 and 8 = ‘073, between Experiments 
land 9 = —'21. 

With regard, then, to {нө auditory capacity of ihe non-reading 
group, we шау S&y :— 

(1) That the non-readers’ ав а group show a lowering of auditory 

/ power, but that their difficulties in dealing with auditory material are 
not, on the whole, so great as their difficulties with visual material. 

(2) No correlation exists between auditory power as measured by . 
the tests and certain forms of visual power. Defect in either capacity 
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seems to be specific rather than an expression ‘of a general lowering of 
ability. 

(3) That certain individuals show auditory difficulties to.a peculiarly 
marked degree. These individuals are especially bad in reading. 


$8.—Ezperiments to testthe Power of making Audito- Visual Associations. 


We have now to consider the experiments in the final group. 

Experiment 10.—The aim of this experiment was to try we estimate 
the subject's ability to form an association between :— 

(a) A given form exhibited visually; and 

(B A common name. . 

Three sets of forms were prepared—ten in each set—somewhat 
similar to the forms used in Experiment 1, except that in this case 
there were no repeated forms. Corresponding to each set of forms a 
list of ten common names was made. 

The subjects were shown the forms each in turn for a period of 
two seconds—the experimenter in the meantime saying, and the subject 
repeating, the associated name. Immediately after the last form had - 
been shown, the forms were shown again in an order different from 
that originally used, and the subjects were required to give their asso- 
ciated names. If the subject failed to give the name after a period of 
two seconds, it was again given by the experimenter and repeated by 
the subject. Тһе forms correctly named were put on.one side and not 
given again. This procedure was ‘continued until all the names were 
known. 

Illustrations of the forms are given below. 

` Series 1. Names: (1) dog; (2) potato; (8) waggon; (4) frog; (5) 
train; (6) grass; (7) chair; (8) coat; (9) moon; (10) window. . 


RIT 
VIERE, 


road; (6) tree; 
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"Series 9. Names: (1) shoe; (2) mud; ^(3),sun; (4) boat; (5) 
(T) post; (8) button; (9) sheep; ho pond, 


e^ ©. т 


Тһе experiment was carried out by twenty-six readers and thirteen 
` non-readers, and the result is shown in Table X. 


TABLE Х.—Внотіха THE PERCENTAGE OF FORMS CORRECTLY NAMED AT EAOH SUCOEBBIVE 


TAKEN TOGETHER. 


Hxrosure, THE RESULTS OF (4) ALL тне READERS AND (b) ALL тна NoN-READERS BRING 


Exposure' 


Readers 
,Nón-readers 


Series 1) 
ee a 
3 2 8 4 b 6 
59 18 11 69. 8 
50 , 20 18 T 2 — 


Везев 9 
ННЦ — 
1 2 8 4 5 6 
46 90 17 6 8 — 

28 10 10 2 2 


18 


Clearly there is from this experiment no evidence to indicate that 
the non-readers find association of this type any more difficult than 


‚ do the readers. In fact, two of the worst readers (boys unable to read 


any words and in one case any letters or.figures) make two of the 
~ best scores, whilst the worst score but one is made by a boy who reads 


~ fluently. 


Certain subsidiary points. are important, viz. 


: (1) There is “no 


evidence to show that the place occupied by the forta in the original 
series has`any influence on the ease of recall of the associated name ; 

rather (2) the relative ease of reproduction of the associated пате ` 
seems determined to a large degree by the nature of the form. This 
is well shown in Table XI. 


Tania XI.—SHowine THE RELATION BETWEEN— : 


- (a) The nature of the form, and 
(b) The number of successes gained on the first attempt at naming. 


“Series 1— 


. Number of form Е 1 2 8 4 


(All the subjects taken together, ) 


Number ọf.successes on , s 


firs$ naming . 


Bories 2— 


Number of successes оп 
first naming 


17 


5 6 7 8 9 10 
әт 28 238 22 10 28 
22 1 6 20 12 16 
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„ The fact that the;poèsibility of remembering the associated name 
depended, at least in part, on the nature of the form is a particularly 
interesting one. That it did so depend seems clearly indicated by the 
results. Forms 7, 10, and 5 of Series 1, and Forms 5 and 8 of Series 2 
could not otherwise have shown to so great an advantage. The names 
were all ordinary names and it is unlikely that one or two of them 
should have meant so much more than the rest to a number of children ' 
with widely differing environments as to account for the results shown. 
No, child was in the least unfamiliar with any name and the names 
were remembered almost always when the association was forgotten. 

It is difficult to draw any defimte conclusions as to what form 
characteristics rendered naming easy; but it certainly appears as if 
one important factor was the shape of the forms concerned. A form 
which could be mentally described by the subjects seemed to be most 
easily named. Those worst named (Series 1 to 3, Series 2 to 6 and 7) 
were all of an indefinite shape, not readily to be described in words. 

And the accounts of how they remembered given by the subjects 
lend colour to this view. “There were three lines.” “It had dots 

апа a line.” “It was round," &c. : 

The most successful associations, then, were not simple direct 
associations between a given visual impression and a given sound. 
They were associations between a visual impression which had meaning 
—which was consciously analysed and its parts related definitely to 
each other—and a sound also full of meaning. For even more often . 
in the records is there indication that the association depended for its 
retention on the meaning of the word as well as on that of the form, 
e.g., Series 1 to 2 ів said to be remembered “ because a potato is 
round ” ; Series 2to 5 “is Шке a road "—'' it is straight ’—“‘ it is a cross 
—cross-roads," while No. 8 of the same series is known’ “ because it's 
nothing lıke a button,” “a button isn’t that shape,” &c. E 

Suggestive, too, is the behaviour of the subjects. They all enjoyed 
the experiment and many of them were amused by it. But the 

attitude of any individual in accepting the associated names for the 
_ first time differed very considerably, apparently depending on whether 
he did or did not-consider that the name fitted the form. To some 
forms the attitude was one of doubt or question, ‘as if the name had not 
quite been heard; in the case of others there was a ready acceptance 
of the, name and a look of pleasure. “ Button” frequently induced: 
laughter.. o 
This difference, i.e., the fact that the nature of a form, either 


1 
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- because of its shape or because it fits itself readi]y-on to the associated 

' Sound ог the.nieaning of that sound, determines the easé with which 
the associated sound is retained—is, of course, nothing more than is 
generally found with children in learning letters. Therefore, some 
letters, (e.g., o), are particularly easy while others are hard. 

` Summarizing the conclusions that can be drawn from these facts 
it appears :— 

(D) That in forming an association between в visual presentation 
and a name, the element of meaning is of primary importance. 

(2) That this meaning factor тау be inherent in the form itself, 
or may depend on the nature of the form considered in relation to the 
meaning involved in the name. 

(8) That the less distinctive the forms are in themselves the less 
easy also is the retention of their associated names; and that therefore 

(4) Any difficulty which leads to failure to grasp fully the details 
of presented forms or to inability to distinguish between them will be 
likely to render verbal associations with them difficult also. 

Experiment 11. The association of words and Greek letters, — 
This experiment aimed at testing the subject’s capacity to form asso- 
ciations between common names and letter forms, i.e., it aimed at 
testing the hypothesis formulated from the results uf the last experi- 
ment, that the meaning factor inherent in a form is an essential factor 
in establishing verbal associations with that form. 

The material used resembled that used in Experiment 10, except 

| that Greek letters were substituted for the more distinctive forms. The 
method of procedure was also the same as before. 

The letters used were (1)-y; (2) $; (8) 73 (4) №; (5) ш; (6) v; (7) E; 
(8) 4^; and the names (1) cow; (2) river; (8) flower; (4) box; (5) wall; 
(6) paper; (7) rain; (8) hen. ‘ 

The results show that here the associations were harder to make 
than in the preceding experiment. In spite of the fact that only eight 
letters were used as against ten forms, the percentage of successful 
тевропвев оп the second showing of the letters was considerably less 
than it had been in Experiment 10, ie., 41 per cent. as against 

_ 51 per cent. 

'The subjects themselves said that the week: was harder because the 
forms were E each other.” ‘There bigs & content tendency to 
confuse " ' and “ box " and "cow" and “paper,” owing to the 
gimilarity Wi ih forms y and X and y and v. 

It was more difficult in this experiment than in the former to get 
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any indication fron, the subjects themselves as to what memory 
. depended on. Usually ihey declared that they did not know how they 
remembered. There 18, however, some evidence of the influence of 
meaning.. y was said to be “like horns,” É to “look like rain," &c. ` 

We find then that the results of this experiment seem to give ' 
support to the conclusions’ previously drawn. They show clearly that 
it is more difficult to form associations between common names and 
forms which closely resemble each other, not: having in themselves any 
definite characteristics, than between similar names and more distinctive. ` 
forma. 
^ Experiment 19. "Learning the names of E. Greek letters. —An 
attempt was now made to estimate the subject's power to establish 8 
connection between eight Greek letters and their proper names. The : 
procedure was identical with that of the P HESS experiments. ' ~ 

The letters used were а, В, с, р, & ф, т, 0 

There is great difficulby in estimating the value of the resulta in 
this case, for various reasons, viz. :— 

(а) Often the subject was quite’ unable to: say the name наг it had 
been said by the experimenter. -Consequently it had to be бое п 
sometimes more than once. This fact meant that the time of 
original exposure in this experiment was much longer than in the e 
preceding ones, and a repetition factor, nob present with them, was 
involved. \ 

(b) When the answers (i.e., the associated names) were being given 
by the subjects, it was oan impossible to tell whether the right 
answer was being given or not. This was particularly so with many 
is the boys, who could not, or did not, make correctly such sounds 

“th,” &c. : ` 

(0) A considerable tendency 35 анай: was “shown, i.e., one | 
sound (possibly в letter name) was given in answer to all the letters - 


shown. This tendency was due evidently to the felt difficulty of the ` | 
task. It provides an: answer without effort when too great an effort is : 


demanded. 

Bearing in mind "e" facts, with the accompanying result that 
the children’s efforts were judged too leniently, it is interesting to see . 
that here the number of successful responses ‘to the second exhibition 
of the letters is reduced from 41 per cent. in Барона 11 to по more. 
ihan 17 per cent. X 

A marked difference, also, was shown iņ the attitude of the subjócte. ; 
There was little enjoyment. The boys looked worried and baffled, as 


rm oe 
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if they were up against а task which they could not accomplish. It 
was often hard to retain their attention. . The teAdency to automatism 
has already been noted. Another tendency that was very prevalent 
. was the changing of the name of the letter to one somewhat similar 
which had meaning to the subject. For example, p became “road,” 
ф became “fine,” and с was called “signal.” The similarity of 
many of the names led to great confusion; B, 0, were continually 
‚ muddled, all of them being called indiscriminately “ beta ” or ‘‘ meta.” 

It is interesting to note that 44 per cent. of the successes on the 
second exposure of the letters were with 7, and 32 per cent. with £, 
‘which,.as one subject justly remarked, “was like B." Мо correla- 
tion exists between the boys’ success in this experiment, and in 
Experiment 10 (т = 0°05), but а fairly high correlation is shown 
between its results-and those of the experiment testing the power of 
immediate reproduction of digits presented ашау (r = 0°63; 
PE = 0°16). 

` Since, therefore, the only point in which this experiment differed 
from the preceding one lay in the nature of the name or sound, it is 
evident that the ease of association’ between a visual presentation 
' and a sound depends partly on the nature of the sound. The important 
-points with regard to the sound which determine success in reproduc- 
tion seém.to be :— 

(a) That it shall have meaning.’ . 

(b) That it shall be readily distinguishable. ‘ 


Summarizing’ the conclusions that can be drawn from the three 
allied association experiments, we find :— 

(Í) That the non-readers as в group make associations between 
meaningful material (1.е., dissimilar and characteristic forms and words 
with meaning) as readily as do the readers; but that their difficulty is 
increased at a rate in excess of that of the readers with the increase 
' in similarity between the forms and sounds presented. 

(2) That in all cases the ease with which an association is estab- 
lished between a given form presented visually and a given name 
depends on the nature of both name and form, and 

(3) That the two points of importance with regard to both form 
and sound in making for ease of association are: (а) .that they shall be 

, readily distinguished from each other; (b) that they shall have meaning, 
apart from the meaning inherent in their actual presentation. 

If is, D course, easy to see that these two points are but one aspect 
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of the same thing. The form [ is easier to distinguish from other 
forms and also to remember than the form Æ ; because by its very 


nature it has more meaning: “It has three lines and two angles"; 
“Tt is two horizontal lines joined by а vertical line on the left"; “Ib 
is a square with one side left out" ; “It is nearly а capital E," &c. 
In the same way “© cow” has more meaning than “ beta,” although in 
this case the meaning is not inherent in the form of the word. ` 


Hence cow and [ are more easily retained than 3£ and beta. 


Further, JJ and button can be associated because J] "is not like a ' 


. button,” and y can be associated with cow because “а cow has horns" 


whereas between 2. and button, and between 3D &nd beta no links 


of attachment are likely to occur to the mind. 

In the same way, when the figure 6 is known, the letter b may be 
‚ successfully learnt in spite of, years of failure if it is realized that the 
“ bee has віх legs." 

We see, therefore, that any difficulty which hinders & rapid grasp 
and differentiation of forms and sounds will be likely to hinder their 
retention and their association, sincé the hooks of memory. will in such 
a case be either absent or few in number. | 

А | SUMMARY. 

It is now possible to estimate the bearing of the experimental work 
which has just been described on the theories commonly held as 
-explanatory of the condition having as its most obvious gymptom failure 
to read or to learn to read. Three points are important. 

(1). It is clear from the facts (a) that- hon-readers are found among 
all degrees of intelligence; and (b) that the-degree of failure in read- 
ing, at least among normals and high-grade defectives, shows little 
correlation with the degree of “ general defect" commonly so called, 
that the defect underlying inabihty to read is to a certain degree 
specific in nature. The idea that deficiency іп reading power is always 
an indication of в deficiency of в more general kind is, therefore, by 
no means supported by the psychological facts; although, ‘of course, | 
the condition known. as "general defect" is more frequently accom- 


‘ 
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panied by loss of power in this as in all other aBilities than ів normal 
mentality. ` | . Е | 
: (2) Yet there is nothing in the results of the experiments to 
indicate the existence of any such region as a “ visual-word " centre, 
the absence of or injury to which will make the visual recognition of 
words impossible: The defects found arè not so strictly localized as 
such a hypothesis would demand, for the word-blind individuals reveal 
special difficulties:in dealing with material other than words. Further, 
the implication of this theory that ability to read depends on the power 
to store up images of words has no psychological support; the recall 
of images is not in question. 
(8) The theory that the experiments do support is that “ word- 


. blindness" is but one aspect -of a more general, yet still in itself 


specific, defect in either the visual or auditory regions or in both. All 
the non-readers examined showed a reduction of the normal power 
in dealing with forms visually presented—especially when these forms 
were very like each. other, their defect being shown most definitely in 
their failure to remember such forms. Further, certain of the non- 
readers showed corresponding defects in the auditory region-—they 
could not readily discriminate or retain similar sounds. Some of the 
worst cases had defects of both kinds. Taking the group of non- 
readers ав в whole, however, no correlation could be found between 
auditory and visual ability, i.e these defects appeared also to be 
specific, although occasionally found together in one subject. 

Certain of the experiments indicate that the cause of the failure to 
associate, as well as to retain, sounds and forms, lies to some degree in 
this primary disability of the auditory or visual regions, resulting ав it 
does in the failure of the forms or sounds presented to gain any 
meaning. Whether there is also & failure in primary retention, 
declaring itself in the failure to form memory images to a normal 
degree, is not known. An inquiry into the use of imagery, depending 
as 16 does on the introspectiow of the subject, is difficult with defective 
children. Many of them used visual imagery in other matters, but 
they may, nevertheless, have been unable to visualize forms which had 
no meaning for them. 


' А PROPRIOCEPTIVE REFLEX AND CLONUS AS STUDIED 
IN THE SPINAL FROG. 


BY KANSHI SABSA. 
(Fiom the Physiological Laboratory, Ozford.) 


IT is somewhat remarkable that although the frog so commonly has 
furnished the material for laboratory observations on muscular and 
lower nervous reactions, and although the experimental work upon the 
knee-jerk and other tendon reflexes.has been so extensive, the literature 
of this latter subject contains, so far as I can find, but one reference to 
tendon reflexes in the frog. That reference is by Langelaan [3] (1901), 
who mentions the knee-jerk as being obtainable in a lively frog. I 
imagine that the reason for the general absence of reference to these 
reflexes in the frog is that their elicitability in that animal is quite 
exceptional. БоПеі [5] reported that no reflex is evoked from the 
sterno-radialis tendon of the spinal frog in any way in spite of the 
existence in it of abundant nerve organs. I have myself never obtained 
unequivocal evidence of the knee-jerk in the frog. I find, however, that 
there is a reflex of the proprioceptive kind quite commonly elicitable in 
‘the spinal frog, and especially well marked in the autumn and early 
winter, when the animals are more excitable reflexly and in good con- 
dition. This is a proprioceptive reflex not of an extensor but of a flexor 
muscle, semitendinosus, a flexor of the ‘knee. In the decapitated 
preparation a quite slight pull on the tendon of semitendinosus evokes a 
well-marked contraction of the muscle. 

I have taken graphic records of this reaction in' the following way. 
The isolated tendon of semitendinosus was carefully prepared and all 
other tendons inserted round the knee-joint were detached.’ The semi- 
tendinosus tendon was attached by a thread to the vertical short-arm of 
a light crank lever myograph. To elicit the reflex the horizontal long- 
arm of the lever, carrying the writing point, was lifted by the finger so 
as to slacken the muscle. Then, on removing this support, the fall of 
the axially weighted lever gave a sudden pull to the muscle and this 
slight pull evoked the reflex contraction. The tension of the pull 
amounted only to a few grammes. Section of the roots of the sciatic 
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nerve immediately annulled ‘the reaction. ‚А slight tap upon the thread 
stretching the semitendinosus was invariably followed in the spinal 
preparation by the ‘contraction of the muscle. No reflex contractions 
could be elicited by similar means either in the quadriceps femoris or in 
the gastrocnemius. Nor in these latter muscles (extensors) was there 
evidence of tone, but in spinal semitendinosus there was plenty of tone, 
especially in the autumn and early winter specimens. - My experiments 
were made during the winter months of 1920. 

The reflex contraction elicited by thé sudden slight stretch resembled 
in the form of its myogram a single twitch (fig. 2). Its myogram was 
strikingly different in course and duration from that of the reflex con- 
traction evoked in the same muscle by а single moderate break-shock 
applied to an ipsilateral afferent nerve; the latter was far stronger and 
longer (fig. 1). The contraction of the simple proprioceptive reflex 
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Fic. 1.— Reflex contractions of semitendinosus by single maximal break-shock. Stimuli 
applied to tibial (T), peroneal (P), and both nerves together (P and T). М is the direct 
maximal muscle twitch-by stimulation of divided roots of sciatic, Numbers indicate distance 
between primary and secondary coils. А 


occupied about 0:25 second, which ів little longer than that of the simple 
twitch at the same temperature and season. Thus in one comparison 
the proprioceptive reflex zontraction of the muscle lasted 0°25 to 0°27 
' second, and the motor twitch of the muscle to а break-shock lasted 0:28 
second. ‘The whole form of the curve was very similar in the two. In 
this respect it seems to resemble another reflex of proprioceptive kind, 
namely, the knee-jerk. Jolly [2] and recently W. Salomonson [6] have 
examined the electrical variation of the knee-jerk, and report that the 
contraction of the muscle—extensor in their case—is accompanied by a 
simple diphasic variation. As to the latency of the reflex, owing to the 
mode of excitation not more can be said than that it was not longer 
than 0°04 second. ` ; i | 

When the thread tied to the tendon was gently pulled by the fingers 
it could’ be noticed that the reflex response was frequently not one 
contraction but a short series of successive contractions. The same 
result could be obtained by increasing the height from which the lever 
fell for eliciting the reflex, thus increasing the momentum employed in . 
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the stimulus (fig. 2), «Гре reflex response was then а shor 

series, each succeeding one smaller than that just preceding 

times this multiple form of the reflex passes over into а 1 

clonus. In the graphic records of this clonus the first contrt 

of greater. amplitude and a little slower period than were the 
| 
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- 13.5 per sec. 18.5 per ssc. 13.5 per sec. 


Fia. 2.—Three stretch reflexes from a: semitendinosus preparation (showi 
4 response with inorease of stimulus). 
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Fie. 8. —Olonus in the semitendinosus of the frog. 


were often almost as regular as those of а tuning-fork. Th 
between 4 to 6 a second; its average was 4'5 в second (f 
clonus lasted in some cases even-for a couple of minutes. It 
therefore, that when the momentum of the falling stimulu: 
adjusted so as to give a repetition of the required tensio 
speed, the reflex response is elicitable in immediate success: 
+ over again. But the rate of this repetition is slower in t. 


č 
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in the vastocrureus (knee-extensor) of the cat (Viets [8]), 12 to-17 per 
second. 'It ів also slower than the ankle clonus (gastrocnemius) of man, 
which varies between 8 to 10 per second (Waller [9]), and 13°5 to 14 
per second (MacWilliam [4]). This proprioceptive stretch-reflex 
obtainable from the semitendinosus of the spinal frog clearly resembles 
ihe reflex of similar type studied in this laboratory by Asayama [1] in 
. the tibialis anticus of the cat. The readiness and relative regularity 
with which the proprioceptive stretch-reflex is, ав the observations show, 
obtainable from a hind-limb flexor muscle of the spinal frog, but not 
. from the hind-limb extensor muscles, may be connected with the distri- 
bution of the postural spinal -tone in the two sets of muscles, this tone 
‘being in the spinal frog, as Sherrington [7] has pointed out, marked in 
the flexors but very low in the extensors, in accord with the habitual 
posture, squatting. The elicitability of the proprioceptive reflex seemed 
to be good when the spinal tone was well developed. 


Conccustons. 


A slight quick pull on the tendon of the knee flexor, semiitendinosus, 

: in the spinal frog evokes a twitch-like reflex contraction. 

This is a reflex contraction, but it is strikingly different in course 

` and duration from the reflex contraction of the same muscle obtained in 
response to a single break-shock applied to an afferent nerve. 

Often this reflex is multiple, i.e., repeats itself under a suitable stretch 
stimulus. This multiple form of the reflex. sometimes passes over into 
aclonus of long continuance and a rate of about 4'5 per second. This 

. proprioceptive reflex appears to be favoured by the reflex postural tone 
which in the spinal frog is present in the semitendinosus but not in the 
extensors (quadriceps, gastrocnemius); from these latter no stretch 
réflex or clonus was found elicitable. 
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I FEEL that I cannot adequately express my appreciation of the 
honour of being elected to a chair which in the past has been occupied 
not only by many distinguished men of science, but also by some whose 
names are indelibly imprinted upon the history of medicine. That a 
surgeon should be chosen to fill this position is something more than 
a personal honour; it is а compliment to that branch of practice in 
which he is engaged, implying as it does а recognition of the fact that 
surgery has come to occupy a not unimportant place in neurology. 

In those affections of the nervous system to which surgical measures 
are applicable, the physician is chiefly concerned with diagnosis, whilst 
the surgeon must pay particular attention to the technical problems 
which operative treatment presents. Neither is fitted by training or 
experience to perform in these respects the functions of the other, and 
I do not doubt that if a combined physician-surgeon could be evolved, 
he would evince the sterility common to hybrids. | 

I take the oppoftunity of touching upon this subject in view of the 
well-known opinion held by Harvey Cushing that the surgeon who 
concerns himself with operating upon the nervous system should be his 
own neurologist. However attractive this may be in theory, it can 
never, to my mind, attain practical realization, for just as a wide 
knowledge of general medicine is essential to the neurologist, so is an 
intimate acquaintance with general surgery desirable for one who 
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takes seriously that part of general surgery whidh concerns itself with 
the nervous system. The acquisition of this familiarity with all 
branches of surgery leaves but scant time for the laborious and exacting 
work, both at the bedside and in the laboratory, which the training of 
a neurologist demands. I hold that the nervous system is not а suitable 
field for surgical specialism in the more restricted sense of the ferm. 

The co-operation of neurologist and surgeon is not only of value in 
' the diagnosis and treatment of certain diseases of the nervous system, 
but it also affords opportunities for the study of what Moynihan has 
called the Pathology of the Living. Neurology has already gained 
much from observations made in the operating theatre, and far more 
may be confidently expected in the future. The mere exposure of the 
cortex, the remoyal of tumours, section of. nerve roots and other mani- 
pulations reveal phenomena which can be observed neither at the 
bedside nor by post-mortem examination. In more senses than one the 
operating theatre may be made a link between the ward and the post- 
mortem room. When a physician fails to witness the operations 
which are performed upon his patients, he not only neglects a fruitful 
source of information for his own future guidance, but he also deprives 
the surgeon of the very great advantages which accrue from consultation 
upon questions which may arise during the course of an operation. 

In his Presidential Address to the Neurological Society in 1902, 
Herbert Page said: “I venture to take up the position that surgery 
may be even bolder than it has hitherto been in endeavouring to 
minimize and remove some of the causes which seem to be at the root 
of the later consequences of severe head injury.” Among these later 
consequences the occurrence of epileptiform seizures stands out 
prominently, more so than ever before by reason of the large number of 
sufferers from epilepsy resulting from cranio-cerebral wounds. 

Having had to deal with many such patients during the past three 
or four years, I have been increasingly impressed by the feeling that 
surgical procedures for the treatment of epilepsy are greatly hampered 
by the obscurity which stil] exists as to the essential factors that under- 
lie convulsive attacks in general. 

James Taylor has recently reminded us that in regarding epilepsy 
as а disease, there is some danger of* losing sight of its purely sympto- 
matic aspect, and has emphasized the desirability of searching in every 
case for the physical basis which forms the starting point of the 
convulsive seizures. He contends that the attempt to enmesh epilepsy 
in the net of psycho-analysis represents в definitely retrograde move- 
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ment, whilst any realgstep forward in the elucidation of the nature of 
“ ordinary epilepsy ” is to be made from a study of Jacksonian attacks. 

Gowers said that а tumour ог spicule of bone could “ so train the 
whole brain into а habit of discharge that the attacks differ little from 
those of idiopathic epilepsy." Instead, however, of merely séeking to 
, reconcilé the convulsive seizures of known focal origin with those of 
idiopathic epilepsy, we should rather approach the problem from the 
. opposite point of view, realizing that in idiopathic epilepsy we have 
phenomena unassociated with any obvious cause, which may yet be in 
all respects identical with those which occur in connexion with, gross 
lesions, from the damp squib effort of petit mal to the full pyrotechnic 
display of a major attack. Further, we must remember that between 


` ordinary epileptic fits and focal fits associated with visible lesions there ` 


exists a bridge in the form of attacks of a Jacksonian character in 
which no gross lesion appears to exist. 

Surgery would be in a better position to play its part in the treat- 
ment of epilepsy, whether or not of focal origin, if we knew -more of 
the factors underlying the phenomena of a fit; and if we could recog- 
nize any essential precipitating cause common to all forms. ` 

I would not presurhe to criticize the various views as to the patho- 
genesis of epilepsy which have been advanced in the past, or which are 
at present entertained. I should like, however, very briefly to examine 


what is known as the vascular hypothesis, because during the frequent ` 


opportunities which I have had of viewing the living brain, under both 
normal and abnormal conditions, I have been greatly impressed by the 
striking rapidity with which visible. circulatory changes шау occur in 
response to various disturbing causes. I cannot help feeling that 
sufficient importance is not attached to the possible effects upon cere- 
bral function of what may perhaps be called minor and transitory 
circulatory disturbances. It is not upon the congestion or ansmia of 


the brain as a whole that I would lay stress, but upon the local varia- 


tions and abnormalities which can be observed in connection with 
tumours and various traumatic lesions. It seems to me that the only 
local influence which an operation can have upon an epileptogenous 
area, short of excising that portion of the cortex, must be exercised 
through the medium of the local circulation. If there is a fundamental 
precipitating cause for all convulsive attacks, any hypothesis which 


does not take into account the pathogenesis of fits originating in the . 


neighbourhood of a gross lesion must fail to touch that essential point. 
Gowers, discussing the pathology of idiopathic epilepsy in 1900, 
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wrote: ‘ The conceptions of epilepsy which have been current during 


` the last forty or fifty years . . . are not much more instructive than 


the old demoniacal pathology which gave the disease.its name.” One 
such conception he specified, namely, that “the epileptic fit was the 


‘result of a spasm of the arteries of the brain," and went on to remark 


that this notion had disappeared absolutely before the simple but con- 
elusive facts which connected the manifestations of the disease with a 
morbid state of the cortex. It is noteworthy, however, that, some 
years later, in the “ Borderland of Epilepsy," he admitted the possi- 
bility of cerebral vaso-constriction in relation to vaso-vagal attacks. 
But the view that the phenomena оѓ epilepsy result from disordered 
cortical function does not by any means necessitate relinquishing all 
belief in an underlying vascular disturbance. 

On the contrary, both the “ morbid state of the cortex ’’- postulated 
by Gowers, and the “spasm of the arteries of the brain’’ denied by 
him, may conceivably be concerned together. 

The whole subject of the relation of disorders of the cerebral cir- 
culation to convulsive attacks, as well as to loss of consciousness and 
other clinical manifestations, was fully discussed by А. E. Russell in 
his Goulstonian Lectures in 1909. To these lectures I have long been 


‚` indebted for suggestions and references bearing upon the very interest- 


ing and important question of the relationship between gross cerebral 
lesions and epilepsy. For it is obvious that in operating upon epileptics, 
and in choosing cases for. operation, we should like to have a clear idea 
of the purpose of the operation, based upon some reasonable conception 
of that relationship. The' surgeon who merely removes a disc of bone 
from the cranium of an epileptic patient places himself on a level with 
the practitioner of the Stone Age, the marks of whose handiwork upon 


_the skulls, probably of the epileptic or the insane, are to be seen in 


museums of ethnology. 

The thesis which Russell developed rofa & mass of clinical evidence 
was that the common factor underlying many disturbances of cerebral 
function is to be found in some disorder of the cerebral circulation. It 
is interesting to note, in view of the trend of recent research, that as 


‘long as twelve years ago he hinted: that, so far as the causation of 


epilepsy at least is concerned, inquiry into the processes, both nervous 
&nd chemical, by which the cardiovascular apparatus is governed, might 
afford a valuable clue. He further drew attention to a similarity 
between experimental decerebrate rigidity and the tonic spasms occa- 
sionally observed'in cases of sudden complete arrest of the cerebral 
circulation. 
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In most writings upon epilepsy such expressions as “sudden dis- 
charge of nerve forcef' “ &udden liberation of energy," and “explosion 
of nervous energy " are conimonly found. Such terms, if they relate 
to the cortex alone, can only mean that the fit is to be looked upon ава 
manifestation of excessive cortical activity. It is impossible, however, ' 
Љо regard loss of consciousness, one of the most sudden and striking 
events, and often the only recognizable event in an epileptic fit, as a 
manifestation of the discharge of nervous energy. 

A sudden failure of. the cerebral circulation is inevitably followed 
_by loss of consciousness, and we know that it can also produce convul- 
sive movements, as seen in the attacks associated with the condition 
known as “heart block.” It is inconceivable that a sudden arrest of the 
cortical circulation can, at one and the same time, bring about both a ' 
suppression’and an augmentation of function. When loss of conscious- 
ness and convulsive movements result from the same cause, we can 
only believe that those movements point to a suspension and not a. 
stimulation of cortical activity. The tonic stage of muscular contrac- 
tion appears to indicate, not a discharge of nervous energy from the 
cortex, but the liberation of a lower level motor mechanism from 
cortical control. In a word, the uncons¢ious rigid epileptic is, for the 
moment, a decerebrate man. 

In a recent paper Kinnier Wilson has brought forward clinical 
evidence to show that decerebrate rigidity, both with and without the 
‘occurrence of tonic fits, occurs in man as the result of lesions which 
interrupt the cortico-spinal path, and that such rigidity is strictly com- 
parable with that which obtains in animals when the mesencephalon 
has been transected. He points out that lesions which have not the 
completeness. of the experimental section find expression in rigidities 
of limited scope, and that even functional interruption of cortical - 
control may be manifested by a similar sequence of events. It requires 
no great effort of imagination to suppose that cortical control may be 
‘suddenly and momentarily cut off by a sudden and transient disorder 
of the cortical circulation, and cause, according to the extent and 
duration of the етшу disturbance, varying degrees of decerebrate 
rigidity. 

Whilst state of momentary decerebration may be held to ere 
the tonic stage of an epileptic fit, it is not во easy to account for the 
clonic movements. Kinnier Wilson, in the paper alluded to, having 
characterized the tonic fits observed in the cases which he was 
describing as “© attacks of decerebration," remarks that the absence of 
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any clonic movement is of much significance. T takes it to indicate 
that tonic and clonic movements have different origins, and are the 
expression of the actiyity of different motor mechanism, the one being 
characterized by static, and the other by phasic activity. 

In a few recorded cases an epileptic fit has occurred during actual 
examination of the heart or radial pulse. The tonic stage has coincided 
with the sudden arrest of the circulation, whilst the clonic stage has 
commenced with the return of the circulation. In cases such as 
Russell’s where sudden and permanent arrest of the circulation was 
immediately followed by tonic. spasm, no clonic movements were 
observed. : 

It can hardly be doubted that the clonic аря which follow 
the tonic stage of a general epileptic fit are of the same character and 
depend upon the same motor mechanism as those of a Jacksonian fit 
which is accompanied neither by a tonic stage nor by an initial loss of 
consciousness. They exhibit the phasic character of movements 
associated with cortical activity, and resemble both those which can be 
evoked by faradic stimulation of the cortex, and those of a Jacksonian 
fit dependent upon a cortical lesion. 

Many years ago, Long Fox, who attributed the tonic spasm of an 
epileptic fit to cerebral vaso-constriction, ascribed the clonic movements 
to a “gradual yielding of the vasomotor constriction, allowing at first 
more blood to enter the arteries than during the period of tonic 
spasm, but yet far less ап. is necessary for controlled movement ог 
for rest." 

That the cerebral circulation is under direct vasomotor control was 
long denied, chiefly owing to the work of Leonard Hill, who, believing 
the variations to be entirely passive, summed up his views in the 
paradox that “the cerebral vasomotor nerves lie in the splanchnic , 
area.” Although the cerebral circulation differs from the circulation 
elsewhere in many ways, and particularly in its passive dependence 
upon external circulatory changes, it is now generally admitted to be 
also subject to active vasomotor control, although the final demonstra- 
tion of this by direct physiological experiment is still lacking. 

Harvey Cushing noted that epinephrin will blanch the pial vessels 

' over the area of its application, and that faradic stimulation will do the 
same. Brodie and Ferrier found that on injecting adrenalin into the 
basilar artery of the removed brain the outflow from the torn sinuses 

‘was diminished or completely stopped РОБЕ to the quantity 
injected. 
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During the course of an experiment which Professor Sherrington 
kindly gave.me the obportunity of witnessing, I was struck by the fact 
that when a faredic stimulus of sufficient strength to evoke epileptiform 
movements was applied to the cortex, the pia-mater could be seen to 
blanch, and it naturally occurred to me to wonder whether epileptiform 
attacks starting from a traumatic lesion may not be accompanied .or 
even initiated by в similar blanching of the cortex. 

The evidence in favour of vasomotor activity in the brain ів. 
abundant, and it seems incredible that pathological variations in the - 
cerebral circulation should not be associated with definite clinical 
manifestations. The characteristic rapidity and suddenness of vascular 
changes,.and their characteristic tendency to recurrence, would allow 
of recurrent phases of disordered cerebral function, and on this 
hypothesis many of the phenomena of epilepsy can be fully explained. 

The cerebral cortex has been raked over and over again by succes- 
sive generations of neuro-histologists without yielding up the secret of 
the cause of idiopathic epilepsy, and it may be that the search, trans- 
ferred from this barren field to that of the "шогон nervous system, - 
will prove more fruitful. 

Before discussing the part played by gross lesions in focal epilepsy, 
it is necessary to refer briefly to the-effects of electrical stimulation of 
the cortex. | 

In man the effects of such stimulation appear to resenible closely 
those obtained from anthropoids, but as ‘the recorded observations are 
comparatively few, and not primarily experimental, this need not be 
referred to further, except for one important point. Fedor Krause, in 
1911, had the opportunity of stimulating the cortex of a patient who 
was the subject of Jacksonian epilepsy without gross visible lesion. 
He found that faradization of the epileptic zone elicited fits, whereas 
from the rest of the motor cortex only the corresponding movements 
were obtained, identical currents being used, and the duration of the 
stimuli being the same in each case. . : 

In this connection an interesting and probably unique experience 
recorded by Sherrington is*of considerable importance. ^ Having by 
chance found amongst his laboratory animals a monkey which was the 
subject of epileptiform attacks, he took the opportunity of investigating 
the effect of cortical stimulation. The sporitaneous attacks had begun 
in the left angle of the mouth (or perhaps in the tongue), and had 
* gpread to the rest of the face, neck, left arm, left leg, and then to the : 
right limbs. Attacks could be induced by the taking of a large morsel 
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of food into the mouth. A minimal faradic st#mulus applied to the 
tongue area of the right hemisphere provoked a tongue movement 
which almost immediately became clonic and epileptoid, meaning by 
the latter that it continued as a series of movements after the faradic 
stimulus of the cortex had been withdrawn. If the stimulus were 
continued for a few seconds the epileptoid movement spread from the 
tongue, and would occasionally involve all the facial muscles on the left 
side, but it never spread beyond the face. 'In the left hemisphere the 
tongue area yielded epileptic discharges easily, though not во readily as 
did the tongue area of the right cortex, nor did the movements spread. 
‘Sherrington remarks that it must be remembered that limited epilepti- 
form discharge is, in the monkey, usually obtained by prolonged or 
quickly repeated faradic stimulations of almost any point in the motor 
cortex, and that therefore the result observed with the tongue area of 
this animal was of a quantitative rather than a qualitative nature. 
Further, that the exceptional readiness with which tongue epilepsy 
could be evoked was remarkable because, in his experience, the tongue 
area is not one from which epilepsy is usually easily elicited. The 
results of cortical stimulation in this epileptic monkey fall into line 
with those obtained by Krause in his epileptic human subject. 

We require, however, an explanation of the fact that at least in the 
highest apes (and probably in man, to judge from Krause’s observations) 
electrical stimulation is incapable of provoking a Jacksonian fit of any 
magnitude. Even in Sherrington’s epileptic monkey: “ By no per- 
sistence of the faradization could the epileptoid movement be made to 
extend beyond the face. It never, unlike the natural seizures observed 
in the animal, spread to the neck or limbs even of the same side, let 
alone the opposite.” We know that in experimental work the depth 
of the narcosis affects the results in a marked degree, and it is possible 
that it is an important factor in determining the differences noted. 1% 
may be, too, that higher control, whether consciously exerted or not, 
accounts for differences in the extent to which the cortex responds to 
the stimulus of a focal lesion. It is a matter of common observation 
that patients can often arrest the spread of clonic spasms by holding 
firmly the affected limb at the commencement of a fit, by which 
“manoeuvre controlling influences are doubtless directed to the cortex 
involved, so as to neutralize the effect of the abnormal stimulation. 

Horsley and Schäfer many years ago demonstrated the fact that the 
excitability of the cortex is increased by repeated stimulation, so that 


& weaker current will evoke a spread. This was confirmed and ampli- 
BBAIN.—VOL. XLIY, : 21 
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fied by Leyton and Sherrington, who, in the course of their work upon 
the cerebral cortex, elicited many additional facts bearing upon focal 
epilepsy. Great variations were observed among individual animals 
in the ease with which a Jacksonian “ march” could be provoked by 
the faradization of а cortical motor point. Not only is the threshold- 
of excitability lowered by faradization, but the area from which a given 
movement can be obtained may be gradually extended. Thus after 
provoking movements of the lips, for example, by stimulating a cortical 
point just in front of the central ‘sulcus, the same movement may be 
elicited by faradization of a previously inexcitable point more anteriorly 
situated. Further, faradization of the post-central cortex may facilitate 
the elicitation of movement from certain points in the precentral ', 
cortex at about the same horizontal level. 

In this connection the following experience is of interest. Working 
. with Dr. Gordon Holmes I had the opportunity of observing the effect 
of faradic stimulation of the cortex in a patient who for several years 
Һай been the subject of frequent focal fits resulting from a traumatic 
lesion. This lesion involved an area of the cortex, some 4 cm. in 
diameter, both behind and in front of the Rolandic sulcus, at about the , 
level of the temporal crest. The stimulation was carried out in order 
if possible to identify the point of origin of the fits, and the technique 
employed was the same as that used by Sherrington. For obvious 
reasons the observations could not be made with the completeness of 
a physiological experiment, but there was no doubt as to the pine : 
with which epileptoid movements could be evoked from manyjpoints, 
some of which were far distant from the cortical area of normal 
representation. | | 

Leyton and Sherrington have named the movements obtained by 
electrical excitation of the cortex “ fractional’? movements, and remark 
‚ that they are in themselves co-ordinate and seem.to form parts of 
complex purposive acts. 
_ Electrical stimulation of the cortex, even when carried out with 
every possible refinement of technique, must be the grossest caricature 
of the natural ‘stimuli which provoke purposive movements. Yet such 
electrical stimuli applied to the precentral cortex in man can be made 
to evoke definite movements, limited in extent and bearing a striking 
resemblance to simple natural movements. Although, as Ferrier first 
pointed out, these movements exhibit purposive co-ordination, they are 
not purposive movements, and in this respect resemble those oi mild 
' epileptiform аве 
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‚ А Jacksonian fit is merely a series of fractional” movements, devoid 
of purpose, and determined in point of sequendb only by the relative 
anatomical position of the cortical areas in which they are represented. 
-n other words, a Jacksonian fit is made up of a series of fractional 
acts, which, although in themselves co-ordinate, lack the mutual 

‚ eo-ordination'of natural purposive acts. This mutual incoordination of 
ractional acts is illustrated by the biting of the tongue, due to the 
annatural sequence of tongue protrusion and jaw closure. In this 

‚ respect the movements of epilepsy resemble the effects provoked by 

electrical stimulation, which even when so applied as to evoke a 
“march” or sequence of movements, does not appear ever to call 

into action the peculiar synthetizing function of the cortex defined by 

Bherrington. No series of fractional movements so combined as to 
bring about a recognizable purposive act, even of a simple character, 
has, so far as I am able to ascertain, been recorded as resulting from 

| electrical stimulation of any part of the cortex. In fact no more 

intelligent movements can be obtained from the cortex than from the 
mid-brain; they differ in character rather than in purpose, the one set 
takingi the rhythmical form characteristic of movements obtained from 
the cortex, and the other lacking that particular nature. It seems to 

+ be no impossible thereforé that the disturbance of cortical function, 

whether caused by experimental stimulation or by a gross pathological 
ssion,}may, in part at least, be due to a lowering of the normal inhibi- 
tion, dnd that the movements which result may be of the nature of 
release phenomena. On such a conception the epilepsy resulting 
from pathological lesions can be brought into line with that which can 

Ъе induced experimentally. 

The association between gunshot injuries of the brain and the 
cevelopment of fits is so obviously а case of cause and effect that 
I will refer to’ them before touching on the subject of fits associated 
with morbid lesions, and on those of idiopathic epilepsy., 

The local morbid conditions underlying the fits which result from 
gunshot wounds of the head fall into three main groups — 

(1) Recent lesions such as local contusion associated with small 
' Eemorrhages and cedema; or the more gross disruptive | effects of a 
penetrating wound. 

(2) Inflgmmatory lesions due to recrudescent sepsis, where a latent 
infection becomes active and gives rise to an area of softening, or to an 
actual abscess. 

(8) Cieatrices binding the scalp to the brain and membranes through 
a crarial defect. fins 
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As regards the first two groups, the early fits, namely those which 


occur in the first few ‘days after the injury, as well as those connected . 


with recrudescent sepsis, are clearly associated with vascular disturbances 
due to direct damage to blood-vessels, thrombosis, inflummation and 
cedema ;. they continue only during the period of acute circulatory 
disorder, .&nd cease when that period comes to an end. 


The third group, with cicatrices binding the scalp to the damaged ` 


brain, is by far the most important, and it is to the cases жеше in 


this category, that I wish to draw particular attention. 

A year ago the Re-survey Boards of the Ministry of Pensions had, 
in the previous twelve months, examined more than 25,000 old cases of 
gunshot wound of the head. Excluding those examined more than 
once during that period, the number of individuals was approximately 


18,000, amongst whom nearly 800 (ог 4$ per cent.) were the subjects of © 


epileptic fits. A very large number of such patients present a cranial 


defect through which the scalp adheres to the membranes and the | 


damaged brain. Penetration of the dura at the iime of the wound . 


_ entailed not only gross direct damage to the underlying brain and its 
vessels, but also invasion of the injured tissues by, micro-organisms. 
The consequent, inflammation resulted in further destruction of nerve 


tissue as well as а greater disturbance of the vascular supply, both from - 


thrombosis at the time and from strangulation of vessels later by fibrous 
tissue, the amount of which would to a large extent be proportional to 


the intensity and duration of the preceding inflammation. Further, the: 


penetrating wound is inevitably followed by adhesions between the 
surface of the brain and the scalp. f ` 

It may reasonably be assumed that the rich blood supply of the 
normal cortex provides & wide margin of safety against accidental 
variations, whilst the relatively avascular scarred cortex possesses a 
smaller margin of nutritional safety. In these circumstances local 


circulatory disturbances would be likely to arise from accidental causes. А 


One such cause which I believe to be of the very greatest importance, 
depends upon the fixation of the brain at the point of damage to the 
overlying membranes and scalp, and is occasioned by the cerebral 
movements. 

There is no doubt that the normal brain obeys the law of gravity, 
and alters its position with varying positions of the head. Every organ 
of the body possesses a degree of mobility proportional to the extent to 
which it is covered by a serous membrane separating it from the wall of 
the cavity which contains it. The serous membranes of the ‘thoracic 
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and abdominal cavities, as well as those which fine the joints and the 
tendon sheaths, result from and facilitate movement. The brain is no 
exception; the serous cavity lying between the dura and the arachnoid 
can fulfil no other purpose; the intense pain occasioned by any move- 
ment of the head in meningitis is analogous to that of pleurisy. When- 
ever the skull arid dura are widely opened during an operation, movements 
of the brain can be demonstrated by altering the position of the head, 
and although their extent is probably exaggerated by reason of the 
different physical conditions which obtain in the open as compared with 
the closed skull, there is no reason to suppose that all movement is absent 
when the skull is whole. Indeed J. Luys has demonstrated the fact of 
cerebral mobility by means of frozen sections, and Gavoy has, by means 
of a specially designed cerebral kinesiometer, been able to measure 
excursions of from three to nine millimetres. 

When a brain, attached to the scalp by adhesions, attempts to move 
in response to a change of posture, it is prevented from doing so from a 
pull at the point of anchorage ; this pull either mechanically or, possibly, 
‘by causing a reflex vasoconstriction, may well produce a momentary 
local anemia in the damaged brain, and so initiate-a fit. 

Seeing, however, that only a very small number of patients with 
anchored brain develop epilepsy, it is obvious that the local lesion is but 
one of the links in the etiological chain. Clearly a given stimulus is not 
effective for all brains, and it is necessary to assume in those patients 
who do develop fits a tendency to epilepsy resulting from what is 
vaguely called a relatively low degree of ‘stability of the nervous tissue. 

I have been fortunate enough to encounter a case which illustrates 
this important point remarkably well. A man, 35 years old, had at the 
age of 15 been accidentally wounded in the forehead by a revolver bullet. 
He was operated upon shortly after the accident, and was in hospital 
about fifteen weeks. He afterwards remained perfectly well in every 
way, joined the Motor Transport Service in 1915, and was sent to France 
where he served until 1919. He received no wound or other injury, but 
was often under shell fire and bombing. His first fit occurred after six 
months’ service, and between that time and the date of his admission to 
hospital in 1920 he'had about two dozen fits, all of which occurred during 
sleep, except two. The -fits associated with frontal injuries of this 
character not infrequently occur during sleep, and they are, if the 
explanation which I have suggested is correct, to be attributed to the 
sudden changes of posture which may occur during sleep. This patient, 
in the two attacks which occurred in the daytime, fell unconscious, 
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without warning, and'remained so for some minutes. Не did not bite 
the tongue nor urinate ; he suffered neither from headaches nor giddiness. 
There was a small irregular circular opening in the right frontal bone, ' 
into which the brain bulged on stooping forward. No abnormal neuro- 
logical signs were detected. 

The interpretation of this case seems to be that, although for wants : 
years this man had had а cranial defect through which the brain was 
anchored to the scalp, the local lesion had been insufficient to cause & 

fit until the nervous stability had been lowered by the stress of warfare. 
In May, 1920, an operation was performed. ‘The scalp was dissected 
. free from the dura, and the dura was separated from the bone for an 
inch or more beyond.the edge of the opening. A thin sheet of celluloid 
was placed over the dura, extending some distance between it and the 
inner éurface of the skull. A thicker sheet of celluloid was used to close 
the bony opening. ‘Some ten weeks later he nud & fit, whilst asleep, 
and since then no further fit has occurred. 

In cases of this class the aim of an €— is twofold, first. to 


^. ensure a permanent separation of the brain from the surface at the 


point of damage, во’ ав to restore as far as possible its mobility; and 
secondly to close the bony opening во as to restore the physical condi- 
tions under which the cerebral circulation normally works. Both of 
these objects can be attained by the use of celluloid, the technique 
of which procedure will I hope form the subject of a future 
communication. , 

I and my assistants at the Tooting Pensions Hospital have now 
‘operated upon more than 200 cases by this method. About 120 of 
these patients suffered from fits. The time has not yet arrived for 
passing a judgment upon the results, but I may say that so far they are’ 
remarkably promising, even in some cases where the fits had occurred 
over & long period. Nor is it possible to estimate fairly the extent to 
which the beneficial results-are due to the other treatment carried out 
at the same time, for in all cases the patients have been kept in hospital 
for from two, to six months after the operation, and treated regularly 
* with small doses of bromide. 

It seems probable, to judge from our experience, that better results 
may be expected in cases where the fits have been infrequent, and have 
not occurred over а long period of time. Nevertheless, satisfactory 
results are not impossible even.in long-standing cases, as shown by the ° 
following example :— 

A man of 21 had, when 7 years of age, received в severe cranio- 
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cerebral injury in the left parietal region, which resulted in gross 
+ hemiparesis. A large area of bone had been removed, and the damaged 
brain had become adherent to the scalp.: The brain pulled upon the 
scalp, which became concave when the patient lay upon his right side; 
the brain bulged when the head was inclined to the left. 

Eleven years after the accident he began to suffer from fits, the 
origin of which was attributed to a blow upon the head in the region of 
the cranial defect. When admitted to St.:Thomas’s Hospital he had 
had fits for three years, for the first year about once a fortnight, for the 
second year about three times a week, and for the third year about once 
а month. On one occasion he had twenty-five fits in a single day. He 
‚ was operated upon by the celluloid method and carefully treated for 
several months afterwards. Two years have now elapsed since the 
operation, during which time he has had only two fits. He has taken 
no drugs for a year, has improved greatly in general health, and is able 
to do some light work. 

‚ The claim of surgery to participate in the treatment of fits resulting 
from injuries to the skull and brain may fairly be regarded as well 
established, not only on the ground that a reasonable explanation 
exists of the mechanism by which they are evoked, but also because we 
now possess & good deal of evidence to show that the fits can in many 
cases be either abolished, or very considerably reduced in number and 
severity, by an operation which succeeds in removing or at least 
modifying, the local exciting cause. This evidence, now in course of 
preparation, I purpose bringing forward in the near future. 

Leaving now the ‘subject of epileptiform attacks due to gross 
injuries, we must approach the question as to what contribution 
surgery has to offer towards the treatment of fits other than those of 
traumatic origin, whether associated or not with local lesions of the 
brain. For the purpose of examining this question, I would divide 
these cases into three groups :— 

The first group comprises all the cases in which there exists a lesion 
both lending itself to accurate localization and allowing of a reasonable 
surmise as to its nature. Many tumours, both innocent and malignant, 
as well as abscesses, cysts, tuberculomata and gummata, can be included 
in this category. Whilst any of these lesions may constitute the 
starting point of an epileptic attack, it must not be forgotton that there 
is no gross lesion, whether traumatic or otherwise, which necessarily 
causes fits. On the contrary, the proportion of patients with any such 
lesion who develop fits is small. As already mentioned, the incidence of 
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epilepsy amongst pensioners with old gunshot wounds of the brain does 
not at the present tind reach 5 per cent. | 

The frequency, however, with which fits are associated with fand 
‘of the brain is perhaps somewhat striking. I have recently looked 
through the notes of 270 cases of brain tumour, exclusive of cerebellar 
and pituitary cases, upon which I have operated. I find that no fewer 
than eighty-two patients, or 30 per cent., exhibited fits of a focal 
character. ‘Grouping regionally the tumours associated with fits, I find 
that exactly half were situated precentrally, and of the remaining 41 
22 were post-central, 12 temporal and 7 occipital. Of the whole 82 
tumours, 65 were malignant and 17 were endotheliomata. 

In no fewer than 40 per cent. the fit was the first symptom of 
which the patient complained. ` The fit was the first symptom in a - 
rather larger proportion of the endotheliomata than of the gliomata, but 
the difference is not, in my opinion, sufficiently striking to be of any 
great value in diagnosis 

There can be no doubt, I think, that hie: nearer the tumour, or the . 
surrounding area of cerebral softening, approaches the central sulcus, 
the more likely are fits to occur. | 

The exact nature of the stimulus by which a tumour or other gross 
legion elicits evidence of cortical disturbance, whether of a motor or of 
a sensory character, is not easy to define. To say that a lesion 
‘irritates ” the brain merely creates fresh difficulties by raising tlie 
` question of the exact meaning of irritation. Used in its usual sense 
irritation implies activity, but а lesion such as a bony boss resulting 
from a depressed fracture cannot be regarded as an active agent. If 
the brain from time to time accidentally, or continually on account of 
its respiratory and cardiac movements, impinges upon such a bony boss, | 
phangos conducive to epilepsy might occur. A tumour might be in a 
senge “ active " from alterations in size or tension due to variations in 
its blood content, or to such sudden gross change as that caused by a 
hemorrhage into it. Active inflammatory changes also occur from time 
to time in the membranes bounding a cortical tumour, whilst naturally 
vascular disturbances are a prominent feature where frankly inflamma- 
tory lesions are concerned. In the immediate neighbourhood of many 
of these lesions the appearances are such as to suggest that rapid or 
sudden alterations of vascularity could readily take place, and such 
changes seem to me to constitute the one common factor which is 
capable of explaining the associated epileptiform movements, and во · 
bringing their causation into line with that of other forms of epilepsy, 
whether traumatic or apparently spontaneous. à 
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In the surgical treatment of the cases included,in this first category, 
namely of recognizable and localizable ‘gross lesions, the operation 
is naturally directed primarily to dealing with the tumour or other 
lesion, and the result as regards the fits, as well as other symptoms, 
will depend upon its nature and the completeness with which it can be 
removed. When a simple tumour can be completely removed, or an 
abscess shelled out entire with its capsule, the outlook is good. When 
‘an abscess has to be drained, fits are not so likely to be abolished, since 
the drainage necessitates anchorage of the brain to the surface, which 
is in itself, as I have endeavoured to show, provocative of epilepsy. 

' Тһе second group comprises those cases in which fits of a definitely 
focal character occur, but in which the nature of the lesion, if any, 
cannot be ascertained without actual inspection of the brain. Opera- 
tion, which is fully justified in many of these cases, must necessarily be 
primarily of ап exploratory character. In spite of the fact, however, 
that the technique of cranial operations has been so greatly improved, 
we must not fall into the error of putting a cerebral exploration quite 
on а level with an abdominal exploration, or undertake it with the same 
confidence that, even if nothing is found, no harm will result. By 
such exploratory operations І have found tumours, meningeal cysts, 
on one occasion & nævoid angeioma, and on another occasion a small 
abscess, all of which were capable of being satisfactorily dealt with. 

On the other hand, a wide exposure of the cortex may reveal 
no visible lesion of any kind; the brain may appear to be absolutely 
normal both to inspection and palpation. In such а case the question 
naturally arises as to whether that portion of the cortex in which 
the initial movement is represented, having been defined by electrical 
excitation, may be excised. The effects of cortical excision upon 
function are, thanks to Horsley, Sherrington, Marinesco and others, 
well known; but the results of such excisions in patients suffering 
from focal fits without visible lesion have not, even in the hands 
of the most expert operators, proved very encouraging. 

Cushing, from an experience of some fifteen cases, writes as follows: 
‘Some had unexpectedly resulted in cures; one or two which promised 
to be especially favourable owing to the circumscribed nature of the 
initial movement (thumb and corner of mouth) were not benefited." 

Krause gives details of three cases of focal epilepsy without visible 
lesion in which he excised what he calls the “ primary spasming centre." 
One patient had had no fit some months later; one eight years later 
only had occasional twitchings ; and one died shortly after the operation 
in status epilepticus. 
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Krause attributeg the failure of cortical excisions in the hands 
of others to the localization ‘having been made on anatomical grounds 
and not by electrical excitation. He believed the resultant scars to be 
of no importance, and not provocative of any spasm or symptoms 
whatever. 

It is clear that in determining the advisability of performing 
‘cortical excision the resultant disabilities would be of less account in 
dealing with focal epilepsy starting in parts already deprived of their 
function. The published cases are too few and too insufficiently 
recorded to afford good ground for any definite conclusions. Bat 
the subject cannot be altogether dismissed without further investigation. 

The third group, namely that of the so-called idiopathic epilepsies, 
includes all the cases in which the fits can neither be ascribed to any 
‘ascertainable organic ‘lesion, nor possess any features pointing to a 
definite focal origin. I have searched in vain amongst the many 
records of operations for epilepsy, some purely fantastic, some based 
upon в more or less reasonable conception of its causation, for any 
encouragement to pursue further the quest for an operative procedure 
. which holds out any prospect of benefiting the sufferer from idiopathic 
_ epilepsy. It may be unwise to say that the future will reveal nothing 
fresh in this direction, but it is at any rate certain that, at the present 
time, surgery has nothing to offer in the treatment of general idiopathic 
epilepsy. f ; 

In some other forms of epilepsy surgery may, as I have indicated, 
be made to play a useful part, but no operation can alone be expected to 
effect a cure. I am, however, convinced that, in properly selected 
cases, surgical treatment can be of great value in lessening the task 
~ demanded’ of medicinal and other therapeutic measures. If these 
measures cannot be carried out rigorously over a prolonged period, 
then, for the good of the patient and the credit of surgery, it 
were better to refrain from operating. 

Cynical friends have told’ me that operations upon the nervou 
system do but illustrate the truth that hope ever triumphs ove 
experience. The surgeon must be an optimist, but his optimism nee 
not be that of the ostrich. It should be based upon the expectatio 
that inquiry into the causation of those diseases which he seeks 
to remedy will eventually furnish the clue to their successful -treat- 
ment. The search may lead him into deep waters, and this must 
be my excuse for venturing so far out of my depth as to address 
a gathering of neurologists on such a subject as epilepsy. 
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Die vergleichende Anatomie des Nervensystems der Wirbeltiere und 
des Menschen. Von Dr. С. U. Anrins КАРРЕВВ. 55. 624. Mit 
326 Figuren und 3 farbigen Tafeln. Haarlem: Bohn. 


The establishment of the Central Institute for Brain Research in Amsterdam 
some years ago was & welcome experiment to all who are interested in the 
anatomy and development of the nervous system. And it became even more 
welcome when 16 was evident that, under the leadership of Dr. Ariéns Kappers, 
it would devote itself largely to the study.of comparative nervous anatomy. 
Such an institute had the special opportunity to collect a body of workers who, 
in addition to producing individual essays on the phylogenetic development 
and comparative anatomy of separate portions and structures of the brain, 
would, under the direction of a capable chief, slowly collate and co-ordinate 
the knowledge that had been hitherto acquired so that we might ultimately 
obtain а comprehensive view, not only of the morphology of-the brain, but 
also of the causes and factors that have determined its form in the higher 
vertebrates. The desirability of this is obvious since the anatomy and the 
adaptation to function of many structures in the body are comprehensible only 
when their evolutionary development is known, and this is particularly so in 
the nervous system. 

There has been no lack of individual contributions to the comparative 
anatomy of separate portions of the nervous system, particularly by Continen- 
tal and American workers, but the want has:'become acute of a textbook 
that would embody all the present knowledge in an accessible form for those 
who are unable to follow the contributions of each worker, or to sort out their 
results and integrate them critically into an intelligible whole. In this 
statement we are not unmindful of the well-known textbooks by Edinger, who 
must be justly regarded as father of this science, but the last edition of his 
book is several years old; and great as Edinger’s achievements were, he was 
not, owing to his peculiar and original abilities, the most fitted person to 
harvest the enormous field he had sown. Smaller textbooks, as those by 
Herrick and Johnson, have been unquestionably useful as outlines or intro- 
ductions, but their plan and compass precluded s full or adequate treatment of 
the subject. : 

That this want will be supplied by Kappers’ book there can be no doubt. 
In the first section, which has already appeared, more than 600 pages are 
devoted to the histology and arrangement of nervous elements, and to the 
comparative anatomy of the spinal cord and the medulla oblongata. "The. 
present edition is appearing in German, but though English students may 
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regret that their langugge was nof chosen, those with any knowledge of the 

German tongue will find no difficulby in reading Kappers' simple and lucid' 

pages, or in following his well illustrated desGripliens and his concise but 

always intelligible arguments. 

. This volume must not be, however, regarded merely as в textbook on 

comparative anatomy, for the human nervous system is dealt with as fully as. 

in most books devoted to it alone. In fact its chief value to the neurologist is 
that the descriptions of the various structures found in the lower animals are 
so planned that they lead up to and simplify the study of the nervous system 
of man. 
The first fifty pages, which contain a concise account of the histology of 
the nervous elements and supporting tissues, will probably afford less interest 
_to the student than the remaining portions of this volume, though the 
author’s critical review of many points still under discussion give it a distinct 
value, as well as make 16 a necessary prelude to the anatomical chapters. 

' In the next section the factors which determine the forms and connections 
of neurons are considered. Here we are introduced to the theory of neuro- 
biotaxis on which Kappers has already written exclusively, but never so clearly ' 
and logically. The scope of.& textbook and the opportunity it gives the 
author of reviewing the whole field of bis experience, has enabled him to put 
his hypothesis in & simpler and more cogent form than when he attempted to 
illustrate it by some particular structure or system. And it must be admitted - 
that, as presented in these pages, neurobiotaxis is more acceptable as a 
general law in the development of the nervous system than it appeared to be 
in some-of the author's earlier papers. It is also pleasing to find that 
throughout the volume its ‘application is not unduly forced, as frequently 
happens in the case of a newly discovered principle of such importance. 

The author is not во happy i in the distinotion which he attempts to lake 
‘between what he terms “ vital” and “ gnostic” functions, in the treatment of- > 
the lower levels of the nervous system at least. He uses ` vital" as an alter- 
native term to “ protopathio," and “gnostic” as an equivalent of “ epicritic,” 
which in itself is an unfortunate choice, ag these terms have been already -” 
employed with other meanings. Further, it seems very questionable whether 
such a distinction is possible in the lowest vertebrates, or in functions so ' 
primitive and elementary that they ате subserved mainly by spinal and bulbar 
reflexes. The “ vital functions” of the spinal afferent nerves are enumerated 
as the appreciation of pain, touch, and high and low temperatures, ie., those . 
perceptions to which Head has applied the term “ protopathic,” but a differen- 
tiation that describes gravi-statik as the ' vital" (protopatbic), and hearing as 
the “gnostic”. (epicritic), function of the octavus nerve is liable to cause 
confusion. - : 

"Ihe chapter on the comparative anatomy of'the spinal cord affords an 
extraordinarily interesting review of the phylogenetic development of this 
segment of the nervous system from amphioxus to man. Here we can see not 
merely the increase in complexity of its structure as we ascend the animal 
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scale, but the manner in which new systems have devgloped within it, and its 
variations with the morphology and mode of life of the animal. The third 
chapter introduces us to the more difficult subject of the comparative anatomy 
of the medulla oblongata, though here too the systematic way in which the 
subject is treated, and the judicious use of diagrams and illustrations, make the 
descriptions as simple as they possibly could- be. The constitution and con- 
‘nections of the branchial nerves of the fishes is regarded as one of tbe chief 
factors that determine the structure of the medulla in the vertebrate series, 
and the modifications that they or their derivates undergo in the course 
of the vertebrate evolution is made remarkably clear in the detailed 
description of their morphology in all the chief classes. This may be illus- 
trated by the manner in which the anatomy of the afferent fibres of the 
facial, glossopharyngeal and vagal nerves is worked out, especially in their 
relation to the gustatory system. The cutaneous or somato-sensory com- 
ponents of these three nerves join the descending trigeminal root in the 
medulla, and end in the same mass of grey matter as it. In fishes their 
visceral and gustatory fibres enter the medulla and terminate together at the 
level of their entry in the viscero-sensory area. The earliest differentiation is 
found in the amphibians, where descending fibres of these roots first form a 
fasciculus solitarius; this contains viscero-sensory fibres only and has no 
connection with the gustatory system, as its size bears no relation to the 
development of the peripheral taste-organs, but corresponds to the sensory 
endowment of the upper alimentary and the respiratory tracts. As the non- 
specialized viscero-sensory fibres become segregated in the fasciculus solitarius 
the gustatory fibres of these three nerves pass to more dorsally and mesially 
placed nuclei in the floor of the fourth ventricle. The latter are identified 
with the nucleus intercalatus Staderini of mammals, which is regarded by 
Kappers as the chief lower gustatory centre. On the other hand, the grey 
matter, which is hypertrophied in the bony fishes into the lobus facialis and 
„there receives the bulky afferent facial fibres supplying the taste-organs situated 
on the surface of the body, disappears in the higher vertebrates in which the 
cutaneous taste buds are no longer found. 

The fourth chapter is devoted to the anatomy of the lateral-line and 
octavus system, and the fifth to the anatomy of the motor mechanisms of 
the brain-stem. А | б 

In the final chapter of this volume the reticular nuclei of the brain-stem 
and the inferior olives are studied in detail. In the lower fibres the reticular 
nuelei are discrete collections of large cells, generally related in position to the 
motor nuclei, but in the higher vertebrates many of them shift from this position, 
usually moving towards the afferent centres from which they receive impulses. 
The majority of their axons pass spinalwards, usually through the central 
i longitudinal bundle. Their connections show that they are adapted to correlate 
impressions received from various sources апа transmit them by their spinal- 
ward axons to the motor effector centres. They can be consequently regarded 
as- co-ordinating mechanisms which collect or sort out stimuli with a common 
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or allied end-effeot. Ig the higher vertebratos the reticular nuclei acquire, в 
large proportion of smaller cells. In some instances, as in the nucleus ruber, . 
the- new cella have a cerebral ‘connection, but most of the other reticular 
nuclei reserve their кыту function of motor co-ordinating: ‘centres of a lower" 
level. . 

The. inferior olives are quill ancient бшен in phylogenetic history. 
Probably present іп the most primitive fishes, they are certainly distinct” 
structures from the selachians to man, though they undergo various modifica- 
tions. The most important of these is the relatively greater growth of the 


- main olive as compared with the accessory olives‘ in the higher vertebrates, 


& change that is probably connected with the evolution of the mammalian 
cerebellum. ` All researches that have been undertaken on the olives indicate: 
that their chief efferent connection is with the cerebellum, but we are still more-’ 
or less ignorant of the sources of their afferent impulses. Kappers’ suggestion 
that it'may be mainly by ‘collaterals from the afferent systems of the cord and 
medulla that they come, is interesting. 

The reviewer cannot leave this volume without & word of "rais for the 


.manner in which it has been produced. The type is clear, the paper is 


excellent, misprints and typographical errors are rare, and the illustrations 
are most admirably reproduced. A very complete index, and a bibliography 
at the end of each аран to the subjects treated therein, add to the value of . 


the book. 
GORDON HOLMES. 


The Essentials of Mental. Measurement. By Dr. WILIAM BROWN, 
M.A., M.D., D.Sc. (Wilde Reader in Psychology in the University 
of Oxford), and Professor Өорвнү H. Tuomson, Ф.8е., Ph.D. 
(Professor of Education, Armstrong College, N oweaetlo-upon-Tyne). . 
Cambridge University Press, 1921.  : 


The publishers describe this new volume of The Cambridge Psychological 
‘Library аз “a revised and expanded edition of Dr. Brown's original work, 
bearing the same title, published in 1911, together with в, large amount of new 
material by Dr. Godfrey H. Thomson.” Indeed, Dr. Brown’s well known 
book has been’ more than doubled in size. Ot the ten chapters in the work 
before us, five are entirely or almost entirely new, while two more have been 
expanded and altered, leaving only three substantially in ;the form in which 
they were first published a dossde ago. The changes are wholly the work of 
Professor Thomson. 

Dual in origin, the book is also dual in constitution. But it must not be 


^ gupposéd that the two distinguished authors are respectively responsible for 


: the two chief ingredients. These are, firstly, an account of the principal 


mathematical methods that have been applied to statistics obtained by 
psychological and other experiments, ` and, secondly, a contribution to the 
discussion of general factors—and particularly of the " single general factor "— 

А 
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in mental measurements. ' Especially in its former aspect, the book is of high 
value and fully deserves a pláce,'not only in the “ Cambridge Psychological 
Library," but also in the library of every University, College, or other institu- 
tion where psychology is studied or applied. In its other aspect, the book is 
somewhat less satisfactory, although it has certainly advanced matters by 
calling for в reconsideration of one of the steps in thé argument which 
Hart and Spearman employed (in 1912) for demonstrating the existence of a 
general factor in éach of fourteen series of published tests, dating from various 
periods up to thirty years back. 

The value of the book as an introduction to the mathematics of mental - 
measurement has.been enhanced by the addition of an excellent summary of 
the elementary theory of probability, including several interesting examples 
that are not to be found elsewhere. Another new chapter will be wel- 
comed for the account it gives of Karl Pearson’s fundamental work on 
frequency curves. The usefulness of the book might, however, have been 
further increased by including а little more information on some of the 
subjects treated. For example, the correlation between ‘two variables is 
defined (pp. 101 and 109) in algebraic terms (r = S(ey)/Now,); and, 
although it is stated that "if the regression is linear, ғ is a measure of the 
degree of dependence between z and y," the simple geometrical aspect of 
correlation is never explained. Thus, whenever the relation between т and 
y is linear (as it always is in the oase of two correlated variables, each of 
which is distributed according to the normal probability law), 2 and y may be 
regarded ав the projections of the same variable line OP and two fixed lines, 
‘Ox and Oy respectively, while the correlation between æ and y is, quite simply, 
the cosine of thé angle between Oz and Oy. In other words, this correlation 
measures the average deviation in z (or y) corresponding to unit deviation in 
у (ог ш). Again, the “partial correlation” between z and y with z constant 
(where z is & third variable measuring the projectional OP on a third fixed line 
Oz) is just the cosine of. the angle between the projection of Oz and Oy on a 
plane perpendicular to Oz. If geometrical interpretations of this kind had been 
taken into account there would have been no occasion for certain criticisms 
of details that we must make later. . . . Among other matters that might 
usefully have been included are Pearson’s geometrical interpretations of his 
formule for correlations influenced by selection (p. 135); and a fuller account 
. of the paper by Pearson and Filon (Phil. Trans.,-1898,-oxci, A, pp. 229-811) 
of which important use is made on pp. 184 et seg. 

But the other aspect of the book will be of more immediate interest to most 
readers. The authors’ contribution to the theory of general ability may 
therefore be discussed, and perhaps criticized, at greater length than their 
admirable synopsis of the essential mathematics of mental measurement. It 
should not, however; be forgotten that the criticism that follows applies only to 
a comparatively small part of the book under review. f 

The fundamental mathematical. proposition in the theory of general ability 
is to the effect that if the correlations between the measures of & number n 


A 


ба 
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б than three) of qualities, each of which i is distributed ЕТТ to Ње , 
normal probability law, form a perfect hierarchy, then the measure of each 
of these qualities is & vector compound of в single general factor, g (that is 
common to all the n qualities), and of a specific factor (that is peculiar to the 
particular. quality in question), while g and the п specific factors are indepen- 
dent of each other. Mathematically expressed, the proposition is that if 
Ф dp ^ . + qa are the measures, in suitable units, of these n different 
qualities, and if the correlations (r4, &c., where r, is в correlation between 


а, and gj) satisfy the 3 n (n—8) independent condiitons for @ ( perfect) Мет- 


‘archy—namely that rra = rw ee tea Mah en (1) 

for all different values of a,b, . . ..3,1, . . . from 1 to п inclusive—then we ' 

can write— f ` 
| 9, =g cos 8, + Е, віп 6. (s—1,9,... m)... (23) ^ 

or Q = ть g+ "1—rn t. (з =1,9,. n)... (8) 5 

where g, 5; & >. & aren + 1 independent оше, each of which is dis- 


tribated according to the normal probability law, and where g is the single 
general factor common to:all the g's, and t, is a specific factor peculiar to gs, 
and where Fa is the correlation between q, and g. 

This definition of the single general factor is not given in the book under 
review ; nor is the above proposition explicitly stated, although mention is 
made of the converse proposition—that if. there is a single general factor 
then the conditions (1) will be satisfied. Moreover, these conditions, given on 
р. 165, are.nowhere employed explicitly to define a (perfect) hierarchy. It can, 
only be the absence of these definitions that renders possible such a state- 
ment ав that the deduction of “ The Theory of General Ability, ог the Theory 
of Two Factors " [equation (8) above] “ from the occurrence of ‘ hierarchical’ 
order among the correlation coefficients is invalid ” (p. 154). The statement 
to which the authors intended to give expression can hardly have been & denial - 
of the certain fact that, where hierarchical order is perfect, there is a single, . 
general factor. They doubtless meant that when the hierarchical order is 
PX it is explicable otherwise than by means of a general factor that 
will beore or less dominant, together with group factors that will ba more 
or less insignificant according to the degree of imperfection in the hierarchy. 
But their phrase, as it stands, is surely misleading. 

To the same cause—lack of precise definition of the terms A ET AN 
would attribute certain statements made in the course of the tbird section 
of Chapter VII (pp. 138 to 144). The section is concerned with three 
correlated variables. In such a case the number ($m. n —8) of independent 
conditions that have to be satisfied in order that the correlations may form 
a hierarchy reduces to zero, since n = 8. Consequently, it is always possible 
to find a ‘ single general factor’ common to three correlated variables. And' 
yet (on p. 140) the authors say “there is no general factor whatever,” and, 
again, "we cannot say with certainty whether a general factor existe or 


“j A 4 `~ 
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not." онага) ER are not the single gengral factor just defined 
aboye—can, in fact, be found for three correlated variables in a trebly infinite 
number of ways; for, given any: - three correlated variables, 91, ds», ds (dis- 
tributed according to the normal law with the same probable error), it is 
possible to choose, in & trebly infinite number of ways, three independent 
variables (also distributed according ^to the normal law with still the same 
probable error) 5 7, ©, such that— 

а= ET AC 

Qs A8 + рт tne pupa v (A) 

da Ase + ut x Hag i 
and it is always possible to choose one of them, say 5, so that ^i, ^s and ^s are 
&ll finite; or, in other words, so that tis a general factor of 9, d; and q,. If 
іп the example in which the book before.us says, "there is no general factor 
whatever," we put тү, д», 9 proportional to the scores obtained by throwing 
n purple dice (whose score, reduced to standard deviation, is p), n green dice 
(reduced score, g) and n orange dice (reduced score, о), so that q, is the reduced 
' score of purple and orange, qs of orange and green, and q, of green and purple, 


we have— ; | 
1 1 e 


n= gg P t.e? 
^ 1 1 
=з 9 due +з, tor n o5 n (5) 


' ‚© = a g + E Pj 
in which, indeed, no general factor is ш But it is there, none the less. 
( For it is, of course, possible here (as in every other case) to choose indepen- 
dent variables, 5, 7, €, such that any one of them, say ё, is a general factor. 
For example, we may choose q, itself (putting 6 = q, in equation (4)) as one 
of the independent variables, and the plane tO" to contain Ов». _ Then 
ш (B) becomes— ` . 


pope | 
Я Га 78 
| [med 3" ‚.. (6) 
SIE 2 ( | 


rin p = > А TR + o) as a general fastos ol 9, gc and 03; 7 = 


РА (2g ~ р + o) as a group faotor ‘of q, and gz; and 6 =— г (0 + р ~ о) 
as a: Specific factor of qg. And this is only.one of an infinite icm of ways 
‚їп which g,, gg and ау may be expressed, by means of equations (4), as linear 
‘fanetions of three independent factors of which one is a general factor. And 
yet the authors say that " we cannot say with certainty whether a general 
factor exists or not.” They add (p. 142) that the condition that three corro- 
lated variables, representing dice scores, may have a general factor is that— 
Tas + Ti + Тү 2 Ts Ty Nie - 
BRAIM.— VOL. XLIV, : 29 
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shall be greater than anity. But this is really the niio that it will be 
possible to choose t in equation (4), not only so that a,, A, and A, shall all be 
finite, making ¢ a general factor (which can always be done) but also so that 
certain very special conditions, namely— 


#2 By и OBL ra У1 


п xp OPUS Ql “уу ORO Roco ого, and =— oro... (7) 


shall be satisfied at the same time. 

Nothing is said about these very special conditions, except that “it may 
not be out of place to remind ourselves again that this, though true of the. 
arrangements of dice we are considering, may not be true in the same sense 
of other phenomena, e.g., biological or mental phenomena” (р. 142). Yet it 
is these special conditions, whose natures are not examined, that cause the 
error here and cause further misapprehensions in Chapter X (pp. 176 et seq.). 
Their origin is to be found in the fact that, while the general expression for 
any one (say q, of n correlated variables (Qu, qa . . . qa), each of which is 
distributed according to the normal law with the same probable error, in terms 
of N (where N is not less than т) independent variables (z,, £a . . ., Z), each 
of which is distributed according to: the normal law with still the same 
probable error, is—  , 


9, == A Ti + RA Ta T б, + ахён (s == 1, 3, uw uy n) ау k (8) 
where— : i 
pude) Жез. Еду (s=1,2,. . л). | (9) 
the expression for 4, when z, . . . zy represent dice scores is— 
1 ж. Ра 
9 = Wie, X (sum of Ne, whole z's) (s = 1,2, ... n) . ..(10) 


where c, is the proportion of the whole number of z's that enter into gs. In 
other words, every | in equation (8) becomes in the special ease of dice throws 
either zero or the same as every other J that is finite. 

Now-suppose that the z's in the several q’s are chosen by picking out Ма 
x's at random to form q,; then putting these back and picking out Ne, z's to 
form qs; and so on. Then it has been shown that this may be done go that the 
proportion of z's common to any group of q's and to no others (i.e., occurring 
in each member of the group and in no other 0'з), would be equal to the pro- 
bability that any particular z was common to that group and to no others; and 
that, in this case, the correlation, ru, between q, and g; is 7, = Усс, во that 
Taal at = тыты for all values of а, b,... s, Ё, . . . from 1ton. In this case, 
therefore, there is a perfect hierarchy. It follows that the q's are compounded, 
according to equation (8) above, of a single general factor and specific factors 
only. It may be shown that the same tends to be true when the z's in qs.are 
selected as in the example described on pp. 175 and 176 of the book under 
review. The resulting approximation to hierarchical order is due to the very 
special form of equation (10) as compared with the general équation (8) and 
to the manner in which the z's in equation (10) are selected. And yet the 


е 
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authors conclude that since “ Dr. Hart and Professor Spearman would . 
; claim the hierarchy as being a sample- of a very perfect one," which iti is, 
" this example goes far towards shaking confidence in their oriterion." 
We cannot agree. This example does not affect the consequences that 
follow when Hart and Spearman’s conditions are satisfied—that is when 
the correlation of every pair of columns in a square table of correlation 
coefficients is +1; still less does it:throw any doubt on the truth of the 
fundamental proposition that when there,is a perfect hierarchy there is а 
single general factor and specific factors only. 
б. But the formula employed by Hart and Spearman in order to correct 
‘ observed” coefficients of ‘correlation may be faulty, as our authors 
argue. In that case further experimental tests of dissimilar mental qualities 
in large numbers of individuals will still be needed in order to settle the ques- 
tion whether the correlations of these qualities form hierarchies (as was very 
approximately the case with both the series of tests which Cyril Burt 
made on school boys in Oxford) and so demonstrate that there is present a 
single general factor in every quality tested. 

We emphasize the need for testing dissimilar qualities in these experiments, 
because group factors will always be present in every group of similar qualities. 
In intellectual qualities, for example, it is convenient to recognize a group 
: factor, “ cleverness,” and in moral qualities another group factor having some 
‘close relation to " purpose." These group factors are, by definition, indepentlent 
of each other and of the single general factor. They may be important. 
But the book under review surely errs when it says (p. 173) that “ Mr. Maxwell 
Garnett .'. . concludes that in addition to the single general factor of Professor 
Spearman, there ‘are two large group factors which are practically general.” 
It is true that- Webb, who first noticed one of them, called it a “second 
general factor.” But would he or anyone else expect either of these group . 
factors to appear in qualities—in sensory discrimination, for example—which 
are outside their own special groups, but which may still depend upon the 
„single general ‘factor ? 

It should be noticed that Thonison’s sampling theory of ability (equa- 
tion (10) ), and Spearman's theory of general ability (equation (3) ), are 
by no means. mutually exclusive. If further experimental investigations 
confirm the existing evidence that the correlations of sufficiently dissimilar 
mental tests tend to form hierarchies, we shall be able to say with equal 
truth that the several qualities may be regarded as compounded (accord- 
ing to equation (8) ) of a single genéral factor—general ability—and specific 
factors only; or that each quality is composed (according to the all-or-none 
law in equation (10) ) of a sample of в very large number of distinct elements. 
Time will show- which of these two conceptions will prove фо be the more 
fruitful. i 

‚ MAXWELL GARNETT, 
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Sy yphilis d ГЕ Von Dr Max ‘Nonna. Vierte, neu- - 
durchgesehene und vermehrte Auflage, init 169 Abbildungen im. 


P 


"ехе. Рр. 1,019. Berlin: Karger, 1091.  ' 


This well-known work, consisting originally of a series of lectures, has 
` been thoroughly revised and brought up to date. It still remains the most 
comprehensive account df the effects of syphilitic infection of the “nervous 
system, and we have not been able to discover any aspect of the subject that 
is not thoroughly considered in the light of recent research and clinical 
experience. It is well printed on remarkably good paper and ‘should be in 
the possession of every пеш р 
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“Pathology of the Nervous System. Ву Е. FARQUHAR BUZZARD, M D, 
and J. GODWIN GREENFIELD, M.D. Pp. 884, with numerous 
illustrations. London : Constable, 1921. 


Both the senior “ООЛ, and practitioner have long desired a short but, | 


authoritative account of those pathological changes which accompany common 


. diseases of the nervous system. This book exactly fills such a want. It is 


clearly written, and the information given is accurate and in advance of that 
found in. textbooks. The illustrations are admirable; they are excellently 
reproduced from original photographs of specimens prepared by the authors. 
Hach chapter is followed by a short series of references to such, licerature 


` ‘bearing on: the subject as is'accessible in any medical library. This little 


book can be highly recommended to .all who are anxious to acquire & sound 
knowledge of the pathological anatomy of the nervous system. 


i 


‘The Basis of Psychiatry (Psychobiological Medicine). By ALBERT С. 
BUCKLEY, M.D. Pp. 447, with 79 illustrations. Philadelphia and 


London : Lippincott, 1920. n as 


The: first part is devoted to a somewhat commonplace account of the 


' fanctions.of the central nervous system and the biological phenomena under- 


lying ‘heredity. This is followed by a classification of mental diseases 
according to their ' causes, manio-dépressive insanity and paranoia excepted ; 


for instance, under alcoholic psychoses nine separate variéties are described. In ` 


the chapter dealing with methods of ‘examination we are not told how to make 
observations on the mental state-of the patient, but there is a full account 


` of the technique of the Wassermann reaction. Dementia precox and 


paranoia, those touchstones of a textbook on psychiatry, are described purely 
from the aspect of the patient’s, external behaviour and. no attempt is 


‘made to analyse the various psychical factors . which go to make up his’, . 


mental ntate; І 
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The. Clinical Ezamination of the Nervous “System. By G. H. Monrad- 
Krohn, M.D:Christiania, M.R.C.P.London, Lecturer in Neuro- 
logy at the Royal Frederick University, Christiania. With a 
foreword by T. Grainger Stewart, M.D., F.R.C.P., Physician to 
Out-Patients, National ‘Hospital for the Paralysed and Epileptic. 
Pp. 185, with 12 diagrams. London: H. К. Lewis, 1921. 


This little volume contains a useful desoription of the more ордан 
methods to be employed in the investigation of mental: апа nervous functions. 
The author's choice of tests is excellent and he has incorporated in this book 
‘the results of much recent neurological work. He rightly lays stress upon 
the necessity for linking up psychiatry with neurology, and insists on the 
importance of investigating the mental functions during the routine examina- 
tion of the nervous system. | The student will find this volume a most useful 
companion both during his work in the wards and subsequently in practice. 


' 
` ` 


Writers of "Original Articles and Clinlcal Cases” are supplied free of charge 
with БО copies reprinted in the form in which the paper stands in the pages of 
“Brain.” 1f reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, atthe expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd , 83-81, Great Titchfield Street, 
London, W. 


Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain" for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin's Street, London, W.C., at the price of 85. 6d., post free, 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is,8s. 6d. net, and the volume may be obtained 
through any bookseller.’ 

Р EDITOR. 


(x [JAsvanY, 1922.] 
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DISTORTIONS OF THE VISUAL.FIELDS IN CASES OF BRAIN 
, TUMOUR. i 


(Sizth Paper.) 


T 


THE FIELD DEFECTS PRODUCED BY TEMPORAL 
LOBE LESIONS. “ 


BY HARVEY OUSHING, M.D. 


Professor of Surgery, Harvard Medical School б 
Burgeon-in-Chief, the Peter Bont Brigham Hospital ; 
| Boston: 


INTRODUCTION. 


N , " 

. TEN years ago when this series of papers? was projected, accurate 

` perimetry as.we understand it ‘to-day was rarely employed; and, indeed, 

. ав an instrument of precision the perimeter was rather an ornament 

and object of curiosity than an instrument of daily use.in ophthalmo- 
logical arid neurological clinics. 

To be sure, for the sake of record, the fields were occasionally 

plotted when the presence of a hemianopsia was more or less obvious, 


1 Presented before the American Neurological Association, Atlantic City, June 14, 1921. 


з The preceding numbers have been as follows :— 

First Paper (with George J. Heuer): “Statistical Studies.” Johns Hopkins Hosp. 
Bull., 1911, 32, 190-5. 

Second Paper (with George J. Heuer): « Dysohromatopsia in Relation to Stages 
of Ohoked Diso.” Journ. Amer. Мей: Assoc., 1911, 57, 200-8. 

1 Third Paper (with Olifford B. Walker): ''Binasal Hemimnopsia." Arch. Ophthal., 
1919, 41, 559-98. , es | 

Fourth Paper (with Olifford B. Walker): '' Chisamal Lesions with especial Reference 
to Bitémporal Hemisanopsla.'" Brain, 1915, 37, 024-49.  - 

Unnumbered Paper nm Olifford B. Walker): ‘‘ Studies of Optio Nerve Atrophy 
in Association with Ohiasmal Lesions.” Arch. Ophthal., 1910, 45, 407-97. 

Fifth Paper (with Clifford B. Walker): ‘‘ Ohiasmal Lesions with especial Reference 
to Ношопутаопв Hemianopsia with Hypophyses! Tumour.” Arch. Ophthal., 
1918, 47, 119-45. 
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or when vision was Impaired by a large scotom 
infrequent and few clinicians cared to perfect 

the instrument which was time-consuming and 
of only secondary diagnostic importance. 

There were, perhaps, other reasons to- a 
Lesions affecting the visual pathway, whether : 
vascular disease, were more or less hopele 
standpoint, and, what is more, in the presen: 
defects ав might be of localizing value were 
contractions due to the secondary optic а 
before the diagnosis of tumour was ventu) 
pituitary tumours in which successive perimet! 
important were regarded as rare, and usually p: 

Al this has greatly changed, more so, I 
appreciated, if one may judge by the imperfe 
a single test object and recorded on small chart 
sent to us when patients are referred to the 
records were of this sort, but when comparec 
those taken by Dr. Walker while attached to 
is as great as that between a child’s sketch anc 
to scale. One gives an impression often mi 
exact details. And many of the early erro 

_trapped, such as our mistaken views on colour-i 
come to be explained and avoided [6]. Dr. \ 
tions to the subject, as set down in his indepent 
the direction of accuracy as well as of simpli 
have come to rely for clinical purposes on quai 
test objects graded down to the smallest visibl 
may safely disregard the recording of the colo 
for form are sufficiently exact, for, as he has 
are practically always represented by form ‹ 
angle is made small enough." ‘Though few 
experience and acquire the facility in perimetry ] 
nevertheless the time necessary for the exa 
‘within reasonable bounds and trustworthy field 
some practice by any intelligent observer copyir 
1 It may be said that the perimetric charts introduced Ьу. 
same size as the hospital history sheets They have necess 
.extent for purposes of this publication that many of the fig 


discs, which have been employed in plotting the fields, P ai 
nocompanying the text.—Ep. 


_ Be re describing the dis; 
he lobe, which is the matte 
the first paper in this seri 


telling. oe 
There entered the John: ‘Hospital in 1910 a ma 
vulsive seizures, with a gu 


gin. Some years before he had b e 
ram showed, the ball had lodged in the petrous porti 


"regarded as practically normal. field 
fote that eight points were relied 
form field and only four for the 


as anticipated, and the observation was made merely as th 


‘procedure of a painstaking house officer. The patient was s 
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Fic. 3,—Showing the brain, as transparent, to indicate the lateral ventricle and the 
disposition of the fibres of the optic radiation, 





Fic. 4, —Mesial aspect of the brain with disposition of the geniculo-calcarine pathway 
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in the temporal lobe may produce homonymous field defects in the 
upper or lower quadrants which are of extreme value in localization. 
Lesions móre posteriorly situated are in шу experience less likely to 





Fre. 5. —The radiation shown on the right in section and on the left in transparency. 


produce these partial defects, or at least are less likely to be caught by 
the observer in a stage short of the usual midline hemianopsia. 


SOURCE OF MATERIAL. 
In the writer's series of 663 verified intracranial tumours, to 
April 1, 1921, there have been 197 tumours involving the hind-brain 


two right-sided cases was the вета абгор е out iby perimetry. 
sixteen had uncinate attacks and contralateral facial weakness assur 








lerpret field defects before a total hemia; 
) А рткы > hem пор: 





' without loss of consciousness, but wi 
uneinate origin. gu nu 
examination: This was quite negative except for: (1) a choked 
right, with beginning atrophy and $9 vision: 4 D. left, 
jan incomplete: left homonymous hemianop fig. 6). 
illary reaction (Wernicke). _ du. BE 





tion which disclosed a gliomatous eyst of the right 
anporallobe. ^ UID NRIdUE DA 


ompression. "This. 
bulging temporal lobe which from surface appearances con- 
t lesion. А large gliomatous cyst pointing in the up 
lution was widely opened and was drained for a week | 
An immediate cessation of. pressure symptoms. 
subsided with gradual restoration of visual aeu 





equent note years later (Fe j y і 
n. He had been free from symptoms daring the int 
| mained normal. After this the patient passed out of my. 
_ years later—nine years from the time of his primary loss of co 
he died with a recurrence of tumour symptoms. EAD 
Comment: When this patient was first seen, without th 
even a lateralizing diagnosis would have been impossible. 
d in the first charts (fig. 6) that there was a hemiae 
right, the side of the lesion, the macula be I 


" ADAPTED TO 
SkEEUS SELFRECORDING PERIMETER, 
Published ty E BMoyrowitz Ime New York, 


тв. 7.—Case 1 (conid.). Fields eight days after operation, for comparison 


In the following case the conditions so far as the 
concerned were much the same as the above, though pr 
tumour of different type—a meningeal endothelioma. Т 
‘hich interested us greatly at the time 
ugh the bare outline of the history mu 





to tho ы parietal region. For three months стт, 
vision in the right eye.. No other subjective disturbances. m А 
until Mie day of Admission. : 

















аве 2. Fields taken before operation which disclosed endothelioma of right Г 
ve temporal lobe. 7 


) (parked fight than left. "The fields showed p 8, 
light on the left but extreme on the right, where 
bular. V.O.S. 18; V.O.D. 28, The y 

hus are of polizia чаны DNE 





Ali RERA ^ 
М 
SEG 


GO 26 ве s 











еуе (fig. 9). He refused further operation and was dise large 
to his home near by, but returned frequently Jor сотона о 










uly 29 there was а fully established hemianopsia for both form and : 
the right eye, where further elevation of the disc had occurred, 
ught to be both a positive Wernicke and Мала pupillary 
negative by the method of Hess. D 2 
st 11 the upper temporal field in the lett eye Bad шл de be ; 
10), indicating the beginning of à homonymous defect. ‘His visual 
right had become so much impaired that he expressed a desire. 
e hospital: for further operation. The only. additional symptom 
and recorded at this time were a slight weakness of the left face and 
jective. tinnitus: referred to the left ear. The decompression | area was 
d the discs measured about 2 D. — vu 
7 and August 96, 1912: Орев 9, Two- -stage enueleation ы: 2 
ndothelioma deforming the lower and anterior. portion of lobe. Не x c 
perfect surgical recovery from both procedures. On August 23, _ 
the two sessions and before the tumour re oval, the fields showed a 
marked upper temporal efect dor. the left eye. This was present. 
days after the e rpation, though by this time the 

k — Fortunately, with subsidence ‹ 
ed discs normal y vision мше hat the left eye, though on: the righ 
me of his discharge the nasal hemianopsia persisted. — — — 
quent note: Three years later, July 15, 1915, the Bells were мош 
ab my request by Dr. Dandy (fig. 12). They show that in the interval 
had been a slight filling out of the lower nasal quadrant i in the affected. 
Four years later, October 27, 1919, visual fields kindly. taken for me by 
oyd B. Whitham correspond exactly with those previously taken by e 
The process, therefore, m may be regarded as stationary. CUT 



















































































ment : ‘This. case resembled the foregoing in that the examina- __ 
vealed merely the general pressure symptoms. of tumour and 
iatever of localizing value if we except what the perimeter 
Attention may be called to a number of interesting points. 
I am at а loss as to what interpretation to put on the unilateral 
vision (cf. fig. 8), a condition commonly ascribed to hyste i 
possibly five, other examples of the same condition, alw 
de of the lesion, have been observed in the series of етш 
nd though we once felt that the findin might hav 
gnificance, I hesitate to lay any great. stress upon th 
ter importance, though not observed till the tumour diagn is 
de, was the gradual. onset of the field. defe ti 
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nemianopsia to form would have shown itself in ано 
D nM observed on Jum 16 or 9, had а small 


ings, partoulusb d in consideration of the nalure of the ~ 
racerebral situation. For it is conceivable that the right 
| шау have been preen | upon, a ро made the more 


ld have been takea. . In selecting the ao. Sr 
ter series, the attempt has been made to choose cases with - 
different kinds i in different situations in the dh. as uet В 





urs Ae. us A month later, October 17, 1913, Dr. George 
е defect to remain practically unaltered. ME 
Physical examination : Considerable exiiplihahiios more. 
а slightly enlarged thyroid. 


Fic. 13.— Case 8. Fields as found practically stationary during the two mont 
operation. 


nonrologienl findings: А поре abducens рага 


of anything suggesting uncinate attacks. Nothing in the examinat 
her abducens palsy supported the suggestion of a cerebellar: ‘lesio 





| Fue. 14,—Case З (contd.). For comparison with fig. 


ixteen days after operation disclosing gliomatous cyst. in 
ht temporal lobe. Р Т A SCORE S 





h recurrence ot fhe divlevi: This led to her re- nbr. T 
ав before, though the contraction was somewhat more m 
of the nerve head, however, was definitely more pronoun 
.6, 1914: Operation. А right subtemporal dec 
Тһе село fone was full, its convolutions . 


25, 1919: Orern 3. ТЬе temporal. lobe was vagal 
was melly entered. 1 contained about 30 с.с. of straw 





serie 


3 (contd.). Showing persistence of slight homonymous defect five month 


8 
after second operation. : 


m € UNES 





ontd.). - Normal fields two years after second opera ion. | 


n by the Е of the first chart (ie ii 
г е form peripheries, but those for colours. as s well. 


9 e. somewhat more advanced than in 1 Case 3, g 
А of Ee sal | 


e. d i ndings. Bilateral choked disc of 5 р. 
im Definite „м jerks on biis to the | 





y alter his discharge. Condition excellen 
ft. Fundi normal. _ Fields are. normal exce 


piai October 22, 1918. Unfortunal 
army service. He had been qui 
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Fias, 19 and 20.— Case 4 (contd.). Condition on discharge sixteen days after subtemporal 
decompression, showing slight protrusion at seat of defect. 
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Fic. 91.— Case 4 (contd.). Fields on patient's discharge sixteen days after operation. 
Note persistence of homonymous hemianopsia to 0:3 mm. disc, 


i| regarded as кышып norma ue 
he right upper quadrant, the forerunner 
as already apparent, 
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8.—(ase 5. Fields three weeks before operation. “Note upper nasal notch in left 
4o03 пип. dise: Not regarded at time as of particular significance. 


Fields showing homonymous involvement of which those in 


thie session to the 0-8 mm. disc in eac 
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Fi65. 26 and 27.—Case 6 (contd.). Two weeks after operation showing situation of bone 
Ё flap and slight temporal protrusion through the subtemporal defect. 


Case 6 (contd. ). Fields two months after operation, for comp 
ving ultimate complete homonymous hemianopsia with. anon rj 


“a lady wearing а Bat’ 
the fields of vision 1 remained unaltered. 





| th hallucina Ons 
X Operation. Temporary improvemen, . 


i - conscious: ү these. attacks. After the. birth. of her baby 
izures hie had occurred many times а a day, decreased i in number and 


8 -ndilo aouiinaad throughout 1913, during whieh time s 

are of a succession of “ specialists." E 

mal attacks: On four occasions she has had a general < сопу 
consciousness. The first occurred in Tua 1913, the 





ng vision: - Choked dise first nbted three years ago, but 
mpaired id two months, ago. She is conscious of los of 


When the patie 
her, the. hallucination “would also go. to 





arply-eut left wee ande hemianopsia. 
ver entire left side of body with slight weakness. of musculature 
creased to exaggeration on the left, with clonus. and a positive, 


© "d 


1915 : Operation. Right osteoplastic. flap, disclosing а tense 


an fissure was much dislocated upward. The convolution: we 
ened. A needle introduced into the posterior portion of the firs 
large gliomatous cyst containing. nearly 100 e.c. . 
fluid. which ‘clotted on standing. The tension eompletely subsided, ne 
eyst was at such a depth that no effort was made to make an incision 
nor is treat its walls. E 


ase "1 (contd. " Fields. three weeks after operation which iseloseð a bigh 
i temporal defect (for comparison with fig. 29). . 


lo 8, dex seen “to the left. They were usually of тр doin; 
ngs, for example: - ‘A woman riding horseback with a sheet . of 


ofi ев, ве sation. and sense о smell меге: a regail 
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dises subsided with unexpectedly good vision in view of their original appear- 
ance. The fields taken on July 5, by Dr. Walker (fig. 30), showed a 
widening of the peripheries to the left with a persisting lower quadrantal 
defect which the high temporal situation of the lesion would have led one to 
expect. 

She was discharged to her home July 9. Dr. Towne's final note is as 
follows : " Of late no convulsions, headache, hallucinations of smell, taste or 
vision. Left side now almost as strong as right, face still a trifle weak; 
dynamometer right 24, left 18. ^ Vision very much improved—ef. fields. 
Choked discs almost flat. No Babinski; no ankle clonus. Deep reflex, 
still +, but less than before. Mental condition markedly improved; still 
rather jocular but perfectly sane; knows what Serious condition she was in 
at entrance.” (Figs. 31, 32.) 





* Fics. 31 and 32.— Case 7 (contd.). Shortly before discharge, showing situation of 
osteoplastic flap and considerable protrusion through subtemporal defect. 


, Subsequent note: She passed into other hands and apparently no further 
fields of vision were taken. The cyst had to be tapped on several occasions. 
Her death was reported to have occurred a year after her discharge. 

Even without the fields there should have been no real difficulty in 
making a diagnosis in this case, though the early attacks of petit mal, 
said to have begun in the hand, might have led one to anticipate a 


lesion Low originated in the paracentral convolutions. Her homony- 
(0 OBRAIN—NYOL. XLIV. 95 


e lower - part of the pat way 

parent from the fields of July 5, which showed a a retu 
e upper areas. | 
combination of visual, gustatory and olfactory hallusination 
ral lobe lesion is deserving of comment. The growth was О 
that 16 must have occupied a large part of the lobe and, а: 
d at the time of the operation, the Sylvian fissure was markedl 

ondition not infrequently observed i in large temporal | 


[owing о case, one wih а more ‘favourable outcome, is another 

f a cyst in practically the same situation as the foregoing 
at the time of admission the o defect. had not advanced: to th 
_ hemianopsia. 4 


- -Gliomatous cyst of rli клр. lobe poan a , lower homon y 
drantal defect. Operation. Recovery. (P. B. B. H., } 
8, 1919: Admission of Dorothy D. ag ks with the ат. 
ng spells and headaches ees 3 


rued by Dr. E a Еи "Though der dise: mf ris were eom. | 
; few months ago, the fainting at acks. continued 
receded by в fooling of imbness over the whole body, but there is 
sense impression. -The convulsive features of the attacks, hardly 
t first, have of late become more pronou ced. А largo aubtemporl 
ias gradually formed (ef. figs. 36, 37). —— 
xamination: Ап intelligent, alert, co- operative ‘young. ‘woman, С 
comforts, and in. excellent physical condition. “While under 
n she had a convulsion, beginning with a vague stare. For two or 
ntes she could respond to questions and denied the presence of an 
or gustatory impressions. The left face, then tha arm and leg, be 
and a general convulsion followed. ae 
neurological findings : А bilateral choked disc with begi 
ophy. Nerve head on the right elevated г 51 D. Оп th le 





Fio. 83.—Case 8. Fields before operation which disclosed 


a high temporal lobe eyst 





ей as usual with s a tissue fixative. The fab was Venet : 
fog note : She made а ym recovery ;. had no more convul 


bu ‘the day before her discharge, the field ‘outlines we: 
he normal (fig. 35), where they have remained as shown | 
examinations (figs. 36, 37. ; 
uent note: She had one fainting attack Christmas, 1 1919. Sines 
ptoms of. her old. trouble. Her most recent examination. was 
16, 1991, six years. from. the onset of symptoms. The. decon | 
ow quite flat. Fields: are normal., Fundus shows slight perivascular ae 


temporal о with uncinate seizures. 
(P. B. B. H., Burg. No. 3774 


of ‘the Boston Dispensary, complaining of m mal, hea 
m v 
: Dr. E. B. Towne’ s recital of her от may ы | 
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Dorothy p 


02 





Eighteen days offer operation 


Fig. 35.—-Case 8 (contd.). Showing normal peripheries on discharge nineteen days after 
operation, for comparison with figs. 83 and 34. 





Fics, 36 and 37.— Case 8 (contd.). Circa two we 
of the bone flap with soft protrusion at the seat of 
which is apparent and which directly overlay the tumour nodule, 


eks after operation, showing the position 
the old subtemporal defect, the scar of 


‘smell accompany the attacks. - The odour is described 

o distinet she is surprised others do not detect it. 

y mediately after the attack, She thinks that. it: has оссште‹ 

to ten times altogether, the last time about а week ago. . 

Began about eight months ago and comes. two: to. three. m 
She has rarely vomited. 
dache: She says it is. really a pain on the top of her head rathe 

She calls it a ‘ pulling pain.’ 16 has been in у hotly frontal 

ns and in vertex. Of late it has. tended C ; 


v down suddoily $28 


9. Fields shortly before operation showing left homonymous] hemi по 
yes to a 0-8-mm. disc. Charts show unusually wel коймо 


ect to larger discs. 


hat she could read only with difficulty: "Thin 
and that. they have become .gradually 
t read print in elephone ook. "There have been att: 
| last: two week: 
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to four times. Corner of mouth draws up and eye closés. It is difficult to 
open eye again. It lasts a few moments. There is no twitching of arm and 
leg. No association with petit mal. 

Hallucinations of vision: One week ago was walking across the room and 
thought that she saw a cat to her left. Says cat was very black and was 
hunched up as if angry. She turned around and looked about the room before 
she was convinced that the eat was not there. Two days later she ngain saw 
the same black cat on the left side. On two to three other occasions she has 

* seen what she describes as black specks to her left, and she turns her head to 
look at them. There have been no other visual hallucinations. 





Fias. 39 and 40.— Case 9 (contd.). Patient on discharge, to show situation of osteoplastie 
exploration with subsequent protrusion through subtemporal defect. 


Physical condition: A healthy, vigorous, intelligent, co-operative patient, 
sound in every respect. She was right-handed. 

Neurological examination: This revealed absolutely no abnormalities 
except an advanced choked dise with hamorrhage and exudates, and an eleva- 
tion of 5 D. right and 6 D. left. 

Her history was sufficient to suggest a temporal lobe lesion, but the side 
could not have been determined without the perimeter. An abnormality in 
the fields was first detected by Dr. Woodward, the interne, and they were 
subsequently plotted in great detail by C. B. Walker (fig 38). They showed 
an oncoming left homonymous hemianopsia with the process more advanced 


'he: temporal lobe was full and bulging. Aspiration tevealed no- 
incision was made ic the first ү convolution and 


; Fields three ‘weeks after operation, for comparison with 
de 38, to show t ine asing field Чен. ; 


uary, 1916, she reported subjectively free from symptoms. Dr . 
elds at this time (fig. 42) show a further slight, коо in the 


Ls 


al rotrusion. А note on January 24, 1917, states : | 
ondition. . No symptoms. Says she- never felt bette i 
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Fic. 42, —Case 9 (contd.). Field two months after operation to show further advance. 
(Cf. figs. 38 and 41.) 


Fic. 48, —Case 9 (conid.). Patient fifteen months after operation, when she was 
subjectively free from symptoms. 
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protrusion, however, has been growing steadily larger and she has had 
oceasional slight twitehing of the left face. Vision in her left eye has been 
perfect until lately, and she is able to read without glasses. But from 
secondary atrophy the vision in the right is reduced to light perception. (No 
fields taken. She was advised to re-enter the hospital for an exploration. 
It was hoped, in view of the slowness of the process, that the lesion had 
undergone cystic degeneration. 

March 21, 1919: Re-entry. (Surg. No. 10165.) The process had 
advanced during the ten days. The protrusion had enlarged and the twitch- 
ing of the left face had been replaced by a palsy (fig. 44). The vision was 
greatly reduced, shadows alone were seen in the right eye and in the left there 
was merely a hemiopic tubular vision (fig. 45). 





Fic. 44.—Case 9 (contd.). Patient before last operation, showing huge protrusion 
with left facial palsy. 


April 11, 1919: Secondary operation. A soft tumour mass the size of a 
fist practically extruded itself through the subtemporal defect on exposing the 
brain. As could be seen, this represented only the external part of the growth. 
Closure. 

This procedure gave but little subjective relief and led to no improvement 
in vision. She died February 18, 1920, six years from the onset of her 
symptoms. 


The patient’s history on admission suggested a temporal lobe lesion 
in view of her visual and olfactory hallucinations. There was nothing 


iffectin the ventral bundle of the radiation. J 
he side of the lesion showed, throughout, the 1 ore adv 


Fra 45.—Case 9 (contd.). ‘Residual of vision on 1 
her first- operation. For comparison. 


жай pro abie. e sirly field “stor ie Partial ena 
ndot helioma of left temporal fossa. (P. B. B. id Puig N 
une 19, 1919. 





ness and general weakness. Occasional su 


xamination : The only positiva 
slight з дез of the left eye; 


pred s permit of a good view 
ion of the fifth nerve. Negative findings 





— Case 10 (conid.). Field two weeks after negative exploration si rs vane 
(CE fig. 46.) On July 16 there was found a slightly more marked defect 1 


operation, showing further 





h after negati ve loration, showing. j 
shie y of the left e 


sur m; чу —: ; 
: Occasional numbness and discomfort of the left teet 








ivil life there aré other sources of injury to the tempor 
more common than gunshot or stab wounds which may produce - 
eld defects. Fractures of the base of the skull are possibly th i 
quent source, for, as is well known; they are prone severely : : 
tips of the temporal lobes. There are a number of c 

ir records in which the perimeter has been emplo | 
arply cut sector-shaped defects (fig. 50). And I 
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omonymous field defects reaching {о the central роь 


base of skull, with contusion by contrecoup of left temporal lobe. |... 


impression that these traumatic lesions are more apt to pro- 
cts in the fields characterized by sharp angulations than are 
in whose presence the defects are ordinarily, if not alway 
: I have twice seen such defects as the result of 

-fighter's fracture of the base following a blow 

| throug ‚ condyle (fig. 51). | 
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Е бамав SYMPTOMATOLOGY OF TEMPORAL Tumours. 


at a scant twenty years since Byrom Bramwell, in an article. 
lization of intracranial tumours [2], made the statement 
ars of the temporo-sphenoidal lobe and more particularly t thos 
ght side were of all tumours the most difficult to diagnose an 
ecause these regions represented the most silent area of th 
This statement es an eminent neurologist ne interested i in n th 


s the mot portant (single contribution erinin i in 1 English). s 
oc. и Allee oe to the отроор тшу of uid 


dient from Kennedy’s 8 report . that he was dealing: ith _ 
apa more › advanced каде than most of. those which I have 5 s 


is, dn uy opinion, considerable involvement ot areas S 


e confines of the temporal lobe. Iti is, осы, but natural | 
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reflexes were absent on both sides; the knee and ankle jerks were increased, 
and ankle clonus was evoked on the left side; the plantar reflexes were of the 
extensor type. ` 

Sensation: There was complete loss of sensibility to pin-prick in the right 
upper extremity, but pricks were appreciated in the left arm below the level 
of the fourth cervical root distribution. On the trunk the area of complete 
cutaneous analgesia -extended in front on the right side to within an inch of 
the nipple, and on the left side to the level of the top of the xiphoid. The 
loss to pin-prick was incomplete over the upper part of the chest and the neck 
up to and, including the area of skin supplied by the third cervical roots. 
Appreciation of cotton wool was lost below the third cervical root area. The 
patient was unable to recognize changes in passive position of his left upper 
and ower extremities, but he responded well when his right lower and 
occasionally when his right upper extremities were tested. Vibrations of a 
large tuning-fork (Олов) were not appreciated on the upper extremities or below 
the level of the clavicles except on the right lower limb. 

-Condition on February 19, 1915 (five days after the injury): The patient 
complained of a tingling sensation when his left arm was touched, but no 
other change in his sensory state had occurred. The following reflex reaction 
was evoked: Stimulation of the skin on the inner aspect of the elbow by means 
of three or four pricks evoked a strong involuntary movement of the upper 
extremity consisting of internal rotation and adduction at the shoulder.’ 
Internal ‘rotation was the strongest component of the movement. The 
reaction was obtained equally well in each upper limb but was strictly 
unilateral. The movement, which the patient was unable to initiate by 
voluntary effort, started unexpectedly after the stimulus was applied, 
developed rapidly, quickly subsided; and was very strong. The response 
was confined to the shoulder-joint, the pectorals and subscapularis appearing 
to be the chief if not the only muscles engaged. The receptive field com- 
prised the whole inner aspect of the arm from the internal epicondyle to the 
axilla, and, the reaction could be easily evoked by pricking or pinching the 
skin or by stroking firmly along the inner margin of the biceps. 

On Fébruary 16 (nine days after the injury) the patient was evacuated to 
„England and it was noted that voluntary power over the lower extremities had 
improved before his departure. 

For the subsequent history up to the time when he first came under our 
observation we have to depend on the patient’s account only. From the first 
he had never experienced' the feeling that he was dissociated from his body and 
limbs, but when he shut his eyes he thought that his arms were flexed at the 
elbow, whereas in reality they were continually in tonic extension. His trunk 
and lower extremities seemed to him to be extended. About two months 
after he was wounded he was able to extend his right hand feebly at the wrist 
and to move his right thumb. A little later voluntary flexion of his right 
elbow became possible and within another fortnight movements began to 
return in his left upper limb in the same order as those on the right side. 
There was also some recovery of sensibility in his upper extremities. 
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Р \ 
they. presented. Later chapters are devoted to -consideration of the 
relation of these phenomena to reflex reactions in decerebrate animals 
and to the theoretical conclusions which appear to be justified. 
An appendix contains summarized records of some of the more 
important cases on which our paper is based. 


CHAPTER I.—DESCRIPTION OP, AN EXAMPLE OF SPASTIC QUADBIPLEGIA. 


Case No. 1.—Charles V., aged 85, late Sergeant, Leicestershire Yeomanry, 
was wounded in the neck by a spent bullet on February 7, 1910. He was 
standing in a trench, leaning with his back against the parapet and talking 
to a sentry when he felt " something like a brick " hit him at the back of his 
head. He dropped immediately into the trench. Although dazed he remained 
conscious and heard the gentry call out “Sergeant V. is wounded.” He' 
remembers being placed on a stretcher and carried out of the trench. He 
was unable to speak for some time after he was hit.and had considerable 
difficulty in breathing, being compelled to take quick, short breaths. Не 
retains impressions of only а few disconnected incidents on his journey to the 
dressing station. According to his statement he was completely insensitive and 
paralysed, except for movements of his diaphragm. in his trunk and upper and 
lower extremities. Reflex micturition became established soon after his arrival 
at the dressing station and a catheter was passed once only, two days later, in 
the hospital at Boulogne. He arrived at 18th Stationary Hospital, Boulogne, 
on February 9, and we are indebted to Lieut.-Colonel Gordon Holmes for a note 
which he made on the patient's condition on the following day. A small, 
round wound was found one and a half inches above and one inch behind the 
tip of the right. mastoid process. The patient declared that the bullet had been 
extracted from the collar of his coat but an exit wound was not discovered. 
There was no œdema of the scalp. The pupils were small but reacted well and 
no abnormality was found within the territory of the cranial nerves. . 

Motion: The patient could move his head. Feeble adduction at the 
shoulders was the only voluntary niovement possible in the upper extremities.- 
He was able to flex and extend his right lower extremity at hip and knee, dorsi- 
flex, extend and invert his right foot and move his right great toe feebly. He 
was just able to move his left hip and knee but no other voluntary movement 
could be performed in that limb. In respiration his chest moved as a whole; 
it was uncertain whether the diaphragm contracted or not. The abdominal 
muscles were paralysed. 

Tone : The shoulder muscles were slightly rigid, especially the pectorals in 
which the rigidity was constant; the muscles of the arm, forearm, and fingers 
were flaccid. The abdominal muscles were in a state of tonic contraction and 
the lower extremities were rigid, the left more than the right. 

Reflexes : Arm-jerks were obtained, left brisker than right; the “abdominal 
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This clinical discovery was indirectly responsible for a closer study of 
Sherrington's researches by neurologists, with the result that the reflex 
activities of the lower limbs in man have been the subject of many and 

, important investigations. These have shown that the movement evoked 
by plantar stimulation is not ап isolated phenomenon but forms a part 
of a general flexion or withdrawal action of the lower extremity. Its 
analogy with the phenomena described by Sherrington in sub-human 
‘movements under similar conditions and its presence in the healthy 
human infant gave it phylogenetic and ontogenetic significance. 

The impetus given by these researches has led to widespread 
results. The questions of spasticity and other reflex reactions, as they 
occur in hemiplegia and paraplegia, have been reconsidered in the light 
of physiological experiments and much theoretical and practical 
knowledge has been gained in regard to the reflex behaviour of the 
lower limbs under normal and abnormal! conditions. 

Desultory attention only has hitherto been given to analogous 
reactions in the upper limb, largely owing to the rarity of cases of 
spastic quadriplegia of spinal origin. 

Our- interest in this subject was first excited in 1916 by the obser- 
vation of a nociceptive reflex in the upper limb of a patient suffering 
from a high cervical injury and we have been fortunate enough to 
have had under our care five examples of quadriplegia showing 
reactions of this kind. Not unnaturally в search was made for similar 
phenomena in patients suffering from hemiplegia of cerebral origin 
апа reactions presenting analogous features were frequently found. 

It was soon apparent that the effects of stimulation of an upper or 
lower limb in both quadriplegia and hemiplegia were not confined to 
the stimulated part, but, under favourable conditions, were expressed as 
a generalized response in the somatic musculature. 

Remote results were not found in response to artificial stimulation 
only but were evoked by strong voluntary efforts of the patients 
to make movements against resistance. A prolonged study of these 
widespread reactions has, we believe, thrown light on the whole ques- 
tion of the so-called “ associated movements” which have long been 
recognized in connection with hemiplegic states. 

The nature of muscular tone as a postural reaction had of necessity 
to be considered in relation to these problems, and numerous observa- 
tions were made on our patients from this point of view. 

As an introduction to our subject there will be described typical 
examples of quadriplegia and hemiplegia with analysis of the phenomena 
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SHERRINGTON’S original studies of the redex reactions of the hind 
limbs in decerebrate and spinal animal preparations failed to excite 
.much clinical interest until Babinski drew attention to the diagnostic , 
significance of the plantar reflex in man. 
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SUMMARY AND CONCLUSION. 


(1) The temporal lobe is а common seat of cerebral tumour 
(fifty-nine cases in a series of 276 verified supratentorial tumours). 

(2) In the fifty-nine verified temporal lobe tumours, perimetry, 
owing to the advanced stage of the process, was precluded in twenty 
cases, but of the remaining thirty-nine homonymous field defects indi- 
cating involvement of the temporal loop of the optic radiation were 
present in thirty-three instances. 

(8) Heretofore the most important symptom for temporal lobe 
localization has been the occurrence of the so-called uncinate fits, but 
-in this series, even including as such all attacks of petit mal without 
‘gustatory impression, they have been recorded in twenty-four cases 
only. Д | 
(4) Visual hallucinations have been a frequent symptom of the 
temporal tumours in this series (thirteen out of the fifty-nine cases). 

(b) Auditory phenomena in this series are conspicuous by their 
absence. Ina few cases only has there been tinnitus and rarely some 
lowering of sound perception. 

(6) The chief errors of diagnosis arise (i) when, with a total 
median hemianopsia, the occipital lobe is considered to be the tumour 
seat; Gi) in the absence of demonstrable field defects, when symptoms: 
supposedly of cerebellar origin are to the fore. 

Hence:it is fair to conclude that perimetry gives us information 
of paramount diagnostic value, particularly in the early recognition 
of temporal lobe tumours, the partial field defects short of a hemi- 
anopsia being especially characteristic of involvement of the optic 
radiation in this region. 
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THE FIELD DEFECTS PRODUOED BY. TEMPORAL L 


lobe tumour into making the diagnosis of a subtent 
nevertheless , may occur, particularly in the abse 
seizures and when field defects either are wanting 
cannot be used: , 

In fifteen of the fifty-nine cases there was definite 
some of the patients it.was a marked feature. Diz 
are not unusual, and curiously enough primary subo 
have been fairly common. Then, too, in a few case 
definite ataxia and marked static instability. A few 
my assistants, who had been devoting himself р 
cerebellar symptomatology and was an expert in th 
Bárány tests, was led to make а suboccipital explor 
who did not survive, and autopsy disclosed a temp 
By a sad oversight the fields of vision'in this case ha 
for the cerebellar symptoms were supposed to be sufi 
make this unnecessary. 

It is not at all infrequent for my assistants or 
tentative rating of a patient on the first superficial sti 
suspect and to have this presumptive diagnosis 
question ав soon as the fields have been taken. "Th 
arise when the patient is blind or uncooperative. `I 
of the traditions of neuro-surgery that one may easily 
for & cerebellar case’ or vice versa. This is well bi 
tables of operations given in Tooth’s studies of the 
series, and I have twice been led to make a cerebr 
tumours as definitely localizable in the long run as 
acoustic nerve. Undoubtedly one must-also bear ii 
bility of confusing а temporal and cerebellar lesion, 
say that in every case of any obscurity whatsoever the 
be employed." 


! In his article, ** Die Tumoren des Schlifenlappens,” by Albert Kr 
is also laid upon the difficulty of diagnosis between а temporal lobe 
In his summary he says: ‘‘In the third place, of especial importar 
of equilibrium which are likely to be chiefly confused with cerebel 
be described as а pseudo-cerebellar temporal lobe ataxia. Less 
symptoms which are characteristic of affections of the posterior fc 
atifiness in the neck, grinding of the teeth, cornéal areflexa, rystagmu 
He further adds that if these three things—ooulomotor palsy, press 
peduncle, and inco-ordination—are present, the diagnosis of а ter 
assured. He evidently regards these three things as the essentli 
tumours and the other symptoms of secondary importance, even 
and smell, i 
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Auditory symptoms.—In: view of the supposed relation of the 
temporal lobe and particularly of the transverse temporal gyrus to 
audition and the speech mechanism, it is extraordinary how slight and 
inconspicuous are the clinical evidences of any disturbance in this sphere. 
Certainly in none of the cases in this séries has there been anything 
suggestive of auditory hallucinations of musical sounds or imagined 
speech, a8 might have been expected. 

Without wishing to provoke a discussion п regarding. the location of 
the centres for the perception of вреесһ, always been a matter 
difficult for me to understand why after а Іе subtemporal decompression 
for an‘ unlocalizable tumour no disturbance of hearing occurs even though 
the lobe may bulge markedly through the defect. On the analogy ofthe 
paralyses which are known to result from the protrusion of cortex through 
a defect made over other parts of the brain, one would certainly expect 


some disturbance of hearing from в protrusion of the first temporal ' 


gyrus if this is as important an area as we have been led to believe. 

` In this series of 59 cases hearing was absolutely unimpaired in 38 
of the patients. In eleven cases there was tinnitus heard in one or both 
ears but it was never в particularly constant or annoying symptom as 
in acoustic tumours. Slight contralateral deafness was recorded in five 
cases, slight relative deafness on the side of the lesion in two cases. In 
the remaining cases the tests were obscured by an old otitis media. To 
be sure, these tests were made merely by the voice, the watch and the 
fork and without any such accuracy of measurement as the perimeter 
gives for the fields of vision, but certainly, were contralateral deafness a 
common sequence of temporal tumours, occasional cases with pronounced 
loss of hearing would be encountered, and of these the records contain no 


S ,example. 


So, far as aphasia is concerned there can be little question but that, 
when in left-sided cases в disturbance of speech i is evident, one almost 
invariably can detect some evidence at the same time of a right facial 
weakness which indicates that the pressure effects.of the tumour are . 
exerting themselves on areas above the Sylvian-fissure. -I am a little 
in doubt, after -re-reading Kennedy’s paper, whether he regards the 
aphasia sometimes seen with left-sided temporal tumours as really 
temporal in origin. To my thinking, however valuable it may be in 
tumour lateralization, aphasia is a neighbourhood symptom and not a 


. trde temporal lobe phenomenon. 


The temporal versus a cerebellar € —It would seem im- 
probable that one could ever be misled by the symptoms of a temporal 
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pictures cannot be, at all ш 
any way to the olfactory anc 
fit or are merely associated 
pathway or the geniculate E 
bear some relation to the 
' in this series, whenever its 


' ` tion has always been refer 


occupied by the lesion, in ot 
One of the’ most remar 
' which I have record occur 
series. Ib was a young ma 
had repeated uncinate attack 
in detail, They invariably 
disagreeablé-recollection. і 
his father and some other т 
of cards which ultimately le 
| and leave him with a‘ bad 
horrid. Objectively, during 


"while standing, a vague lo 


his head and stare to the 
smacking and tasting move 
an expression of disgust ar 
homonymous upper quadr: 
glioma. 

^ One would naturally ex 
occipital rather than of tem 
less common in my series 
studied with this point in 
prone to have petit mal at 
mena, if any, are more likel; 
scenes.’ 


-1 Though I have not fully looke 
connection, it appears to me that th 
homonymous hemianopsia have tak 
lesion necessarily was in the оосїр! 
Paul Camus (L’ Encéphale, 1911, 6, 
literature to which he refers. In 
82-92) there is а good example of wh 
localizes, however, in the angular g 
without a post-mortem examination 
judging from the cases in this series 
occipital lobe. 


ackson's original description of these 
ld the ground as the most distinctiv: 
3 relating to the environment of the 
ribution to cerebral symptomatolog 
raracteristics of its discoverer, was 
gh animal experimentation subsequer 
timately confirmed at the post-morter 
9 cases of this series attacks often t 
or less characteristic “dreamy stat 
In 14 only of these cases, howe 
gustatory impressions and in some 
aracter of the attacks was not par 
ave been read into the patient's hi 
ified as & temporal one by operation. 
mian seizures do occur in outspol 
з апа of great diagnostic value, but, 
| lobe ав a whole, they are far less 
Indeed, as might be expected of 
тав, field defects were present with 
aving presumed uncinate seizures in 
эв not precluded by blindness or some 
field defects were present in eighte 
estive of petit mal or dreamy states c 
allucinations.—Examples of these в 
histories (e.g., Case 6). Considerably 
es, often as vivid impressions, are гє 
nine cases in the series. Théy, рге: 
; uncinate seizure, for in only three of 
inrelated to what were regarded as 
fackson, with Beevor, was among th 
]in & patient who had the impress 
1 engaged in cooking.” А good exau 
<ennedy in the history of his first с: 


tter of surprise to me that Hughlings Jackson d 
imeter as well as of the ophthalmoscope, or 
ntings (Brain, 1915, 38, p. 391). The latter 

iment of the two, and as the profession was loat 
may have frlt that it was enough to urge its em) 
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“ An examination of the pathological findings in my patients suggests the 
probability of hemianopia or hemiachromatopsia having been present during 
life owing to the proximity of the growth to the optic tract and radiations: . 
In all cases the existence of hemianopic defect’ was considered and negatived 
as the result of examination. Five patients were examined perimetrically for 
various colours ;- the sole abnormality discovered was the concentric contrac- 
tion of the visual field so often associated with severe, and especially with 
protracted papillcadema.” 


This quotation is given for the purpose of laying further emphasis 
on the value of the field defects in question, in the early diagnosis of 
temporal lobe lesions, rather than with any intent of pointing out an 
oversight of my distinguished predecessor.’ 

A tabulation of the symptoms recorded in the histories of the 59 
verified temporal lobe tumours in my series has been prepared. As 
heretofore stated, in 6 only of the 89 cases in which the patient’s 
condition made reliable perimetry possible were the fields normal at 

_the time the tests- were made. These were with two exceptions 
temporal endotheliomatg which did not greatly deform the lobe and 
which in the absence of a choked disc probably would not have been 
detected at all had it not been for the unilateral exophthalmos and the 
overlying cranial hyperostosis, the usual tell-tale of these not uncommon 
tumours. The exceptions were: (1) а meningeal angioma; and (2) a. 
glioma in which the recorded normality of the fields is perhaps subject 
to question. The fact, however, that field defects were present in 
38 of 39 cases tested indicates that the perimeter, as a diagnostic aid 
in these lesions, is possibly the most important agent of all. 

Though it was not my intent, in outlining this paper, to enter into 
a general discussion of temporal lobe symptomatology, the table which 
has beeu prepared to aid in this study brings out certain things in 
relation to the diagnosis which deserve to .be briefly commented upon. 

Generalized convulsions.—These were recorded in 20 of the 59` 
cases. They usually were few in number. A single convulsion with- 
out aura or sudden loss of consciousness, possibly unattended by convul- 
sion, had been the inaugural symptom in three or four instances. A 
few of the patients had “had only two or three convulsions and twelve 
was the largest recorded number. 


1 While this paper was going through the press my attention was called to an important 

' article, “ Die Tumoren des Schlafenlappens,” by Albert Knapp, in the Deutsche Zeschr. 
f. d. g. Neurol u. Psychiat , 1918, 43, 226-89. In this elaborate study based on two casas ` 

Knapp mentions the fact that_hemianopsia has been desoribed. He does not lay any great 
- stress upon this condition he TN 
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‘He was able voluntarily to empty his bladder five weeks after the injury 
and about a week earlier could’ tell when his bladder and rectum were full. 
Within twelve months voluntary micturition was almost perfect and the 
rectal contents could be expelled, although he has continued to réduite 
aperients. ^ 

Erections of the penis occurred fairly frequently, but. emission of semen 
had not been noticed since he was wounded. 

Summary of hts condition from August 1, 1918 (forty-two months after the 
injury) when he first came under our observation :— 

He is a well-educated man and an exceptionally good witness. His mental 
capacity is above the average and his critical powers are excellent. Speech 
and articulation have never been impaired; there is no history of fits or 
convulsions and he rarely suffers from headaches. 

"The left pupil and palpebral fissure are smaller than those of the right side. 
The pupils react well to light and accommodation, but the dilatation to shade 
of the left pupil- especially is slight. The cilio-spinal reflex is present on the 
left and absent on the right side. Ocular movements are full and there is no 
strabismus, nystagmus or diplopia. He wears glasses to correct a slight 
refractive error in both eyes (myopia and astigmatism) but his visual fields 
are full ahd optic discs and fundi normal. There is no evidence of abnormal 
function within the territory of the other cranial nerves. r 4 
. ‘Motion: Voluntary movements.— Voluntary movements of the head and 
neck are excellent and he can elevate his shoulders well. His right upper 
extremity i is less paralysed than his left and al gross movements are fairly 
well ‘performed. At the shoulder-joints ‘adduction of the arm is & powerful 
movement and is much stronger’ than abduction. On the right side he is able 
to abduct his arm to an angle of about 90°, but on the left side the range of 
the movement is less. He finds it easier to move his arm backwards than 
forwards -and internal rotation is performed much better than external 
rotation. 

The movements at the elbow- joints are full in range; extension is distinotly 
‘stronger than flexion. He is able to pronate his forearms completely, but 
supination is & weak movement; on the right side the forearm can be rotated 
through an arc of about 130°, while on the left side it cannot be brought 
farther than the position midway between pronation and supination. 

Extension and flexion of the hands and. fingers are fairly well performed 
_ pnd flexion of the fingers is stronger than extension. Two years ago he was 
unable to execute any movement of an individual finger without bringing all 
the other fingers of the hand into action. This was particularly so on the left 
side. But as time went on isolated movements of the fingers and thumb of 
the right hand became ‚more possible, although innervation still tends to be 
widespread, especially if he expends more effort than usual. With his right 
hand he can now unbutton his coat and arrange his cards at "bridge" while 
he holds them between his left thumb and index finger; but heis unable yet 
to button up his clothes or to write legibly. ‘He feeds himself with his right 
hand but is obliged to have his food cut up for him. 
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Extension of the trunk is stronger than flexion. Move 

have improved considerably but the diaphragm is still weak 

' The lower extremities are stronger than the upper and 
the right lower limb are better than those of the left. Exte 
and ankle are stronger than flexion, and adduction at hi 
The weakest movement is dorsiflexion with eversion of the 
of the toes is comparatively free. 

All voluntary movements, especially those of the upp 
performed slowly and stiffly, the reaction time being prolo 
as well as contraction. In attempting to grasp the observe: 
takes him a few seconds to bring his muscles into aetio: 
have passed before the maximum contraction of the flexo 
similar delay is evident in the relaxation of his grasp. 
muscles in the performance of voluntary movements is as 
expected in the presence of muscular rigidity. 

Involuntary and synergic movements: An involuntary 
upper limbs not infrequently occurs in response to stimuli 
origin. A sudden emotional disturbance such as may 
slamming of a door, a strong tickling sensation in his nose 
cornea, by an eyelash evokes the following reaction whict 
to- his right upper limb but may involve both. The arms 
shoot out straight a little in front of his trunk and jerk f 
wards from the shoulders. The movement develops expl 
for a short time and subsides fairly quickly. The trunk and 
apparently take no part in the reaction. 

Rapid rhythmic flexion-extension movements of the thu 
carpo-phalangeal joints are of common ‘occurrence, but we 
to trace the stimuli which excite them. 

Flexor jerks of the right lower extremity sometimes disti 
they have never been frequent. If he stretches out his 1 
getting out of bed in the morning, his right leg often become: 
and shakes violently for a few seconds. 

` Vigorous voluntary muscular contractions in one limb: 
panied’ by movements in the others. For example, \ 
attempts to flex his right kneo against resistance, his left 
abduct slightly at the shoulder, flex'at the elbow, extend 
metacarpo-phalangeal joints and flex at the ‘interphalanges 
fingers and thumb spread out. In his right upper extrem 
adduction, internal rotation, and backward movement at the : 
at elbow, pronation of the forearm; slight flexion of the han 
fingers, and adduction of the thumb. In his left lower 
.extension of the whole limb with inversion of the foot oc 
voluntary attempt to extend the right upper limb at the elbo 
the crossed upper limb and bilateral extension of the lower e 
associated movements will be considered in greater detail її 
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Tone: The attitude assumed by the patient in standing is the following 


(fig. 1). His lower extremities are fully extended at the knees with the feet 


about eight or ten inches apart, He stoops slightly forward with his shoulders 
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Fic. 1.—Photograph of No. 1 to show his general attitude in the erect position. 


drooping, his arms a little in front of his trunk adducted and rotated inwards at 
the shoulders, rigidly extended at the elbows, the forearms pronated, the hands 
slightly flexed at the wrists, the fingers extended*at the metacarpo-phalangeal 


оор, the йиш upper exili. i 
nd inward Totation there is a backward thrust. 











ints and flexed at the interphalangeal joints with hyperextension of bo | 
lanx of the thumb. S 

There i is excessive rigidity of certain muscle-groups, especially in the upper ' 
mities.. The adductors of the arm, and in partieular those of the anterior 

lary wall, the pronators of the forearm and the flexors of the wrist and 

gers, stand out prominently in tonic contraction and feel hard and tense 
hen ‘palpated. When muscle tonug is tested by the resistance offered to 
ive movement, it is found to be greatly increased in all the large muscles 
e upper limbs, but in some more than others. The muscles with greatest 
are the adductors of the shoulders, triceps, the pronators, the flexors of 
rist and fingers, and the adductor-opponens group of the thumb. All the 
uscles of the trunk are hypertonic, but especially the erectores spine and 
18 ecti abdominales. The lower are less rigid than the upper limbs, but 
| is definitely increased, more so in the extensors than in the flexors. The 
t upper and lower extremities are more spastic than those of the right side, 

Reflexes: In the upper extremities all the tendon jerks are ingreased. Any 

scle when put on the stretch gives a brisk contraction in response to a tap 

ts tendon. 

One of the interesting features in this ease is a reflex reaction evoked by 
li.applied to the inner aspect of tbe upper extremity. Sensibility to 
rick is defective along the inner aspect of the limb, yet when the skin in 
region is firmly pinched the following response occurs explosively after a 

mt period of a few seconds. The arm suddenly shoots backward with. 

‘treme inward rotation, so that the palm of the hand faces almost directly ` 
utwards. There is adduction and internal rotation at the shoulder, extension _ 
the elbow, pronation of the forearm, slight flexion at the wrist, and over- 

‘tension and adduction of the fingers. The fingers are so placed that they 
ma cone—the second finger overlapping the first and third, and the fourth 

nderneath the third. The thumb is extended at the interphalangeal joint 

nd adducted into the palm. The motor focus of the response is in the 
iuscles of the shoulder-joint. When the reflex is excited while the patient is 
ding, the response is seen to involve the trunk and all four limbs, although 

it is most vigorous in the stimulated upper extremity. With extension, 
lduetion, and inward rotation there is a backward thrust of the limb, the 
oulder is pulled backwards, the upper part of the trunk rotates as a whole 
ards the stimulated side, and the patient is bent slightly forwards by the 
on. of his abdominal muscles. The other upper limb becomes adducted 

at the shoulder and flexed at the elbow, but the movement is slight. The 
wer extremities remain extended at the knees and ankles. ; 
he reaction outlasts the duration of a brief stimulus, so that the attitude 

рг voked is maintained for many seconds and then gradually subsides, giving . 
place to the original resting posture of the whole body. | 
Опе character common to all effective stimuli is the nocuous quality with u 
which they are endowed. Pinching or scratching the palm of the hand, and: 
_ the skin on the inner aspect of the limb and chest from the second to the- 
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‚Рр ы апа тш flexors were enis ina state о 
п. These muscles when palpated felt steely on 


readily accessible to direct какшай, were found io be 
ss tonic and could be passively stretched with less diffic 
wing tests brought out the difference in the tonic state of 
uscle-groups і in antha way. With the patient lying on. 


e knee ас immediately: as. dt would ina healthy i in- 
leg femained ишо шешу extended. for г а few seconds | 


ра idoxical thoagh i itm seem, i was ьн to show a 


conditions аан nal stimulation of | the extensor reflex — 


emporarily decrease instead of augmenting the tonic extensor - 
following experiment will illustrate the point: As before, , e 
reaction in quadriceps extensor was evoke by suddenly 
e thigh. from the bed, thus exciting the tonic reflex by 
1 tension. While the leg was being held in extension 
on of the extensor of the knee, the patellar tendon was. sma 
thus supplying an additional brief stimulus of the same. 
flex arc. This evoked a superadded . contraction 
orm of a quick twitch, the foot first j 
ck again, but to a level lower tha m i 
the knee- jerk was 
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2.—A series of cinematograph photographs showing the extension reflex ге action of 
the upper limb in No. 1 (side view). 
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Fig. 2 cortinued 
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Fic. 3 To show tlre extension reflex reaction of th« upper limb in N 1 (front view), 
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Fig. 3 continued, 


ht be altered. Eor annie, when the patie tw 
2ле an object firmly with his hand, all muscles playing on f 
elbow and shoulder-joints became more powerfully contracted 
noment they were acting as fixators. | 
ave so far been dealing only with the tone of the large шешен 
'unk and extremities. The muscles of the toes, however, | anc 
f those which play on the finger joints have in this теврес 
dealt with in a group by themselves. The toes and the fing 
reely movable in every direction and indeed the latter, especially 
dle, ring and little fingers, could be: hyperextended toan extreme 
without difficulty. The adductors of the thumb, however wer 
d in the general rigidity and showed reactions to passive move 
ich were similar to those described for epe опара and 
* more hypertonic muscles, с с 
tension reflex of th upper. limb. — Ea yin our investigations 
owe discovered that a unusual. r enr reflex. reaction | 


he position of his upper limbs, it will be remembered, was one о 
ion and inward rotation at the shoulder, extension at th 
ation of. the forearm and slight flexion at. ihe wrist ; the 
not. as а тше deviated to one or other side; the fingers. 
ed. at the metacarpo-phalangeal joints and slightly flexed at the 
valangeal joints, while the thumb in extension was pressed. 
he palmar surface. of the index finger. : 
rawing the point of a pin or the tip of a feces finaly 
e ulnar aspect of the hand or forearm the following displace- : 
of the limb occurred. There was strong adduction, internal 
d retraction at the shoulder, extension at the elbow, extrem 
ation of the forearm, increased flexion at the wrist, ulnar deviati Л 
апа, over-extension and adduction of the fingers. and thumb 
gers overlapped one another like the slates on a roof, 
finger being posterior and lying over the index ап 
hile the thumb with extended phalanges was tuc ed 
d more or less in line with the middle finger. 
action could be observed more completely w 
nd, in. general, consisted of a vigoro 
limb was adducted, extended and thi 
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employed in the reflex when it was fully excited; they became firmer 
and could be transversely displaced less easily although their tonic 
contraction was less than that of the prime movers. Even by the rough 
methods of testing employed it was also possible to satisfy ourselves 
that the increase in tone of biceps was proportionate to the increased 
contraction of triceps. In other words, there was a definite relation 
between the state of the two opposing muscles. It must be clearly 
understood, however, that these statements hold good for the period of 





Fic. 4.—Photograph showing the Fic. 5.— Photograph showing the 
attitude of the right upper limb at attitude of the right upper limb at 


the height of the extension reflex re- 


the height of the extension reflex re- 
action in No. 1 (front view). 


action in No. 1 (side view). 


time only in which the new posture of the limb was being maintained. 


It was impossible by our methods to ascertain the tonic state of the - 


antagonists whilst the arm was being displaced in one or other direc- 
tion by the reflex. 

'The receptive field of the reflex was extensive, comprising almost 
the whole limb and invading the chest in front and behind. The part 
of the field in which the threshold value of stimulus was lowest was the 
skin covering the walls of the axilla, but the threshold was not greatly 
higher for the inner aspect of the arm, forearm and palm of hand. 
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Within this area a moderately firm scratch with a sharp object or a 
prolonged squeeze of the skin or deep tissues formed an appropriate 
Stimulus. The reflex was readily excited by pinching the tendons of 
biceps,. pectoralis major or latissimus dorsi or by attempting suddenly to 
rotate the arm outwards at the shoulder or to supinate the forearm. 

A response was never obtained from stimulation of the dorsum of 
\the hand or fingers but was occasionally elicited when the stimulus was 
applied to the skin on the outer aspect of the limb. Тһе receptive field 
on the front of the chest covered an area which extended from about. 
the third to the sixth ribs, and on the back roughly corresponded in 
size and position to that on the front. Above and below these levels we 
were never able to excite: the reflex with the stimuli we employed. 

1 The reaction varied within narrow limits with the situation of .the 
stimtlus. Thus when.therreflex was éxcited from the palm, move- 
ments of the fingers occurred early in the experiment and before the 
general reaction was evoked. Most often the preliminary movement 
consisted of extension and abduction of the fingers and thumb, while 
in the general reaction the.digits were strongly adducted. Pronation 

` of the forearm was & prominent early movement when the site of the 
_stimulus was-on the ulnar aspect of the hand or forearm, and diminu- 
tion of the pronated resting ‘attitude, usually with abduction of the 
thumb, followed application of the stimulus to the thenar eminence. 
The outstanding early’ movements which resulted from stimulation of 
 the.inner aspect of the’ upper arm or the chest were adduction and 
' internal rotation at the shoulder and extension at the elbow. Indeed, 
from whatever point within. the receptive field the reflex was evoked 
the. muscles of the anterior axillary wall could almost invariably be 
seen to contract éarly. It may be remembered that attention was 
drawn on p. 400 to the response obtained by Lieut.-Colonel Gordon 
Holmes five days after the injury. Nocuous stimulation of the skin 
on the inner aspéct of the arm between the axilla and elbow evoked a 
strong involuntary movement of internal rotation and adduction at the 
i shoulder; at this time no movement at the elbow was: observed. He 
especially noted that inward rotation jof the arm was the chief com- 
ponent of the movement and predominated over adduction. This 
movement has remained the minimal response for the whole period 
. during which the patient has been under our observation. : 
Two noteworthy variations in the reaction were sometimes observed 
by us when the appropriate stimulus was of a special kind and applied 
in the heighbourhood of the shoulder. While investigating by passive 
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movements the tonic state of the internal rotators at the shoulder a 
reflex movement of the whole upper limb was often oxcited, especially 
if the observer suddenly stretched the muscles. At times the move- 
ment consisted of the adduction;pronstion-extension response already 
described, but often the reaction was more complicated. "What 
happened was briefly as follows. When the arm was rotated quickly 
outwards the resistance encountered steadily increased if the attempt 
to overcome it was persisted in. The suddenly applied tension stimulus 
had succeeded in evoking superadded contraction of the internal 
rotators, the strength of which increased proportionately to the strength 
of the stimulus. With internal rotation at the shoulder there occurred 
flexion at the elbow and wrist, flexion and abduction of the fingers and 
extension and abduction of the thumb. This posture was broken into 
from time to time and replaced for short periods by extension of the 
elbow, over-extension and adduction of the fingers and adduction of 
the thumb. | 

The second pronounced alteration in the extension reaction was 
Sometimes observed when the reflex was evoked by pinching the 
muscles of the anterior or posterior axillary walls. It consisted of 
& rapid, rhythmic, flexion-extension movement at the wrist instead of 
the more usual maintained attitude of flexion. The reaction at the. 
shoulder, elbow, finger and thumb joints did not, however, differ from 
that obtained by stimulation elsewhere. 

There were no essential differences in the reflexes excited in the two 
upper extremities. \ 

Motor phenomena accessory to the extension reflex of the upper 
limb.—As a rule the motor effects of the reflex spread beyond the 
stimulated upper limb and involved the trunk and other three limbs. 
The trunk and lower limb on the same side were affected as soon as or 
earlier than the other upper limb. The associated reaction consisted of 
(1) contraction of all the muscles of the trunk and of the three limbs— 
those of the shoulder and hip joints being first involved, and (2) move- 
: ments which usually were slow and deliberate and were due to greater 
contraction of some muscles than of their antagonists. The most 
common associated displacements were slight adduction and external ' 
rotation at the shoulder, flexion at the elbow and slight extension at 
the wrist in the opposite upper limb; the trunk was usually rotated 
and became slightly flexed and the lower limbs remained extended at 
the knees and ankles. The serial cinematograph photographs on 
pp. 412 to 415 represent a general reaction of this kind. 
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Motor phenome in association with the Aeon reflex of the lower 
extremity. —Stimulation of the sole of the foot (pinching, pricking or 
scratching) evoked a typical flexion reflex of the lower extremity 
consisting of flexion at hip and knee, dorsiflexion at ankle and upward 
movement of toes. The plantar aspect of the foot formed the focus 
of the receptive field which, for stimuli of moderate intensity, reached 


‘as high as the knee. Stimulation of the thigh as a rule evoked 


extension at hip and knee and downward movement of the foot and 
toes, but if the stimulus was intense (firm squeezing of the thigh) 
flexion of the limb frequently formed the primary response. Con- 
traction of all the limb-extensors was readily excited by sudden passive 
dorsiflexion of the foot. | 

The strength of the flexion reflex could be varied to some extent by 
grading the intensity of stimulus, and the motor effect in a mild 
reaction was usually confined to the stimulated lower extremity. But 


‚Ьу intensifying the appropriate stimulus'i& was possible to obtain 


& more widespread reaction the extent of which could also be controlled 
more ог less by regulating the strength of stimulus. In the order of 
spread.of the reflex the opposite lower extremity was first affected, then 


-the muscles of the abdominal ‘wall and. back and lastly the upper limbs. 


In the associated reaction all the muscles acting on a joint were 
contracted, but usually some more strongly than others, so that move- 


‘ments resulted. . Movements, howevér, were sometimes absent, espe- 


cially in weak reactions, and when present were never excessive and 
developed slowly. The crossed: lower limb remained extended at hip 


: and knee and the foot and toes moved down. The upper limbs became 
‘rotated outwards at the shoulders, flexed at the elbows, extended at 


the wrists with shght supination of the forearms; the fingers became 
extended at the metacarpo-phalangeal joints and flexed at the inter- 
phalańgeal joints while the thumbs were extended and abducted. The 


‘muscles of the proximal joints of the limbs were always affected earlier 


than those nearer the periphery of the limbs. If the stimulus was weak 
the upper and lower limbs almost immediately resumed their resting 


' attitudes, but in a strong reaction there was a definite after-action so 


that the postures were maintained for a short time before the limbs 
slowly resumed their resting positions. ` 

Motor phenomena in association with voluntary movement of one 
linib agawnst resistance.—Voluntary efforts of the patient to move one 
of his limbs or a segment of it when strongly resisted by the observer 


as а rule produced alterations in the attitudes of some or all of the other 
,BBAIN.—VOL. XLIV. . 28 


‚ limbs. These’ adjustments were not constantly the -sime -on different | 


. reflex of tbe lower limb, ‘the essential feature of the résponse was 
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occasions for any one voluntary movement. As with the general reactions’ 

associated with the ‘extension reflex of the upper limb and the flexion 


increased contraction of antagonists as well as prime movers во that 


movements when present were slow. 
With. forced voluntary movements of flexion or extension of. the 


in bed with his lower limbs stretched out, the only вертепів of the left 


i lower- limb which. moved were the foot and the toes and these were 


thrust downwards, bnt the flexors as wellas the extensors of the knee 


and,.ankle were in strong contraction, the ‘extensors predominating. 


In a strong reaction extension of the crossed’ limb was- accompanied by, 
' internal rotation at the: ‘hip. | 


;The response in the right lower extremity’ in ‘association with 


right lower extremity. the response in the left was almost invariable’ 
extension. If at the beginning of the experiment the patient was lying 


nos 


fórced voluntary fexion or extension movements of the left lower : 


, limb differed,as а rule in certain particulars from the reaction which 
' has just ^ been described. The want of correspondence may -have a - 
‘definite relationship with differénce in the development of resting 


tonus in the ‘muscles of the two limbs; the left was more rigid in 
“extension than the right. The main points of divergence lay in the 


reactions at hip and knee, for when the right was the crossed limb , 


some degree of fiexion was usually observed. It must be understood, 
however, that although slight flexion occurred in the early phase of 


the, response the movement formed a minor, part only of the whole - й 


reaction, which comprised a- tonio contraction of all the muscles of 


' the limb. В 
The movements and postures in the upper limbs induced: -by the, . 
voluntary efforts of the patient to move one lower extremity against.’ 


resistance were subject to greater variation than those we have just 
studied in the crossed lower extremity. The principal variation. was’ 
in the direction of the movement at the elbow, but it did not seem to 
oceur in one limb more than in the other\ neither did it apparently 
depend , on which lower limb the patient was attempting to move nor 


on the direction of the movement, whether flexion, extension, adduction © 
or abduction. The гөасійопв іп the upper limbs were also feebler than ` 


the response in the crossed lower limb. . Thrée main reflex-figures 


"were observed in the upper limbs: (1) Internal rotation and adduction | 
аё shoulder with extension at elbow on the side of the Hiver extremity. 
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which was being jlo displaced by the patient, and external 
rotation -at shoulder and flexion at elbow in the upper limb on the 
, opposite side. (9): Bilateral adduction at shoulder, extension at elbow 
and wrist with extension and abduction of. the fingers at the metacarpo- 
phalangeal joints; and flexion at interphalangeal joints and abduction 
of thumb (the so- called “claw” position of the hand). (8) The same 
. posture in both upper limbs as last SOPORE except that the elbows 
"were slightly bent. 
With forced voluntary shogertiente of the upper limbs the lower 
extremities invariably remained in extension, although the tonic gon- 
traction of all their muscles was increased. , The response was stronger 
in the lower limb on the same side and here extension was often 
accompanied, by adduction and inward rotation. 
In contra-distinction to what obtained in the lower limbs tHe direc- 
- tion of voluntary displacement of the forearm usually altered the 
posture of the opposite upper limb at the elbow. Thus forced exten- 
sion of the elbow on one side was accompanied by flexion of the elbow 
on the other side; the movements on ABS two sides were usually of 
opposite direction. 
In each general response al the muscles of the trunk were brought 
into action. E i | 
. Ав has already been pointed out, all the associated reactions which 
have been described in this section were made up of two components : 
(1) the maintenance of attitudes or postures due to the tonic activity 
of prime movers and antagonists; and (2) displacement of segments 
of the three limbs brought about by тн contraction of certain 
muscle-groups. 
Involuntary movements of the upper limbs excited by stimulation of 
parts outside the paralysed regions.of the body and by changes in the 
patient’s mental state. — Sometimes as the patient lay quietly in bed or 
was sitting up in & chair his arms suddenly shot out in front of him, 
extended at elbow, wrist and finger joints, and flapped up and down 
_ from the shoulders for вете] seconds.. The occurrence of these invol- 

untary movements copd r^&. be traced to irritation of the limbs or 
. trunk or to voluntary éffort on the part of the patient, and we were at 
а loss how to explain them. The patient, however, soon noticed that 
there-was a direct: relationship between them and the development of 
a sensation of tickling in his nose, or а sensation of irritation of the 
surface of his eyeball, “such as is caused by an inverted hair of the 
lower lid. He was particularly subject to disagreeable sensations in his 
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nose 80 that the rhythmic movements of his upper oe occurred 
` frequently. ; : 

‘These involuntary movements were, however, evoked not only by 
stimulation of the nostrils and eyeballs, but also frequently followed : 
& Sudden emotional disturbance. For. example, if the patient was . 
suddenly startled by the slamming of a door or by some other cause his 
upper limbs were immediately . thrust out and began to niove up and 
down from the shoulder. The movements never continued for long 
-at a time bat he had little power to control them. 
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CHAPTER IIL—AN EXAMPLE OF SPASTIC HEMIPLEGIA. 

. Case ‘No. 5.—A. C., aged 41, house painter. At the age of 18 years he 
"developed a sore on his penis, which was untreated. He married at the áge of 
21 and his wife has borne him three healthy children. There is no history of’ 
miscarriages. Nine years ago the patient was treated in the Venereal Depart-- 
ment of Guy's Hospital for an ulcer on his tongue. On Easter Sunday, 1919, 
while out walking, he was suddenly seized with severe pain in his right wrist 
' and shin. ` It passed off in a few seconds and he was able to walk home. When 

he awoke thenext morning he found that the fight I half of his body was paralysed 
` and he was unable to speak. : d 

- "He received a course of anti-syphilitic treatment in Guy's Hospital in May, 
апа June, 'and he reoovered sufficiently Жо be able to walk with the help of a stick. 

In November, 1919, he came under our observation and presented the following 

"features. ` ; 27 
He was а fairly intelligent тал with а good memory. Speech was ; defective, 
but he could answer questions and express his thoughts in speech if given time. - 
' In the evenings he complained of a sensation of freezing in the left side of his 
head, but Ke was free from headaches. He did not suffer from fits. His 
visual fields were full and his fundi normal. He showed weakness of voluntary 
movement on the right side of his face; his tongue when protruded deviated to 
the right, and his jaw and palate movements were. weak on the“right side, but 
associated facial movements were stronger on the right than on the left side. 
‘Otherwise there was no defect in the functions of the cranial nerves. 

All voluntary movements of his right upper extremity were weak, those of 
the distal segments being most affected. Abduction of.the shoulder, flexion 
of the elbow, pronation and supination of the forearm, extension of the wrist 
and. fingers were Dertionlecly. weal and voluntary movements of the лава 
fingers were impossible. 

His right lower extremity was stronger than the right upper limb; Е 
extension: and ‘adduction of the hip, extension of the knee and downward 
movement of the foot were powerful and ey stronger than the other 
movements of the limb. f 


П 


the voluntary movements of the left side of his face ai 
lower extremities were unaffected. 

‘he tendon jerks of the upper and lower limbs on the rig 
those on the left. The right abdominal reflexes were 
r and middle segments and absent in the lower. Creme 
ned on both sides. The right plantar reflex consisted of 
e toes and foot and flexion of the knee and hip. This res 
nehing any part of the leg below the knes as well as by ac 
he.foot. The+threshold of stimulus was lowest in the sc 
Xated movement in the opposite lower limb was obse 
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fest in the case of ае under óonsideration as well as in others under , ' 


‚опт observation. There is nothing. to add to our description on p: 408 of ‘the 


shortening and lengthening reactions, and the responses to the tests employed . 


had, in general, the same features. 


- Flexion reflex of upper limb. — When the palm of the hand was scratched or 


‚ ‘pinched, the following movements were observed : Blight flexion of the fingers 


and wrist, more powerful flexion of the elbow, usually pronation of the forearm, ` 
_abduotion and external rotation ‘and elevation of the shoulder. The threshold ' 


‘of stimulus was lowest i in the palm of the hand, but a response could be easily 2 


obtained by scratching or pinching the.skin on the inner aspect of the arm and 
| forearm or that on the chest, behind and in front, corresponding roughly to the 
distribution of the third and fourth thoracic segments. > ; : 

‚ Reciprocal relaxation of the adductors (pectorals) accompanied contraction 


of the abductors and external rotators of the shoulder, including latiesimus. 


‘dorsi. With contraction of biceps there was-usually relaxation of tricóps. 


`~ The response varied slightly in detail with the locality of the stimulus. · 


Thus scratching the radial side of the palm evoked abduction with extension 
of the thumb and some supination of the forearm. When thé stimulus was 


applied to the inner aspect of the forearm near the elbow flexion of that joint. 


was exaggerated, and the same observation ‘applied to external rotation and 


abduction of the shoulder when the skin of the anterior wall of the axilla . 


‚ав pinched. Elevation and retraction of the shoulder were often observed 
- - following: stimulation of any part of the reflexogenou& zone. 

' The infiuence of the locality ‘and duration of the stimulus were well hos 
by the response evoked by drawing the point of a pin from the elbow to the 
palm of the hand along the inner aspect of the limb. The response began with 
abduction, 'Yetraetion, and elevation of the shoulder and flexion of the elbow; 
as the: stimulus approached the wrist, this joint became flexed, and when the 


palrà was reached а movement of flexion of the fingers appeared. The ` 
' response continued so long'as the limb was being stimulated ; with removal of ` 


&he stimulus the muscles gradually relaxed. A ) 
Single pricks, when effective, evoked a’ momentary quick response. 


- This reflex movement was more deliberate and less explosive in character , 


than the extension reaction of the upper limb in quadriplegia and, as sometimes 
seeh, in hemiplegia (No. 8). 

' Motor phenomena ın association with the flexion reflex of the right upper 
limb.— With strong reflex flexion of the right upper limb there occurred: con- 
‘traction of deltoid, peotorals, triceps, and possibly biceps of the left side, 


although no displacemént,of the left upper limb actually occurred. All ће: 


5nuscles of the trunk оп. both sides were contracted.’ In the lower limbs all 


the muscles acting on hips, knees, and ankles became strongly contracted, . 


those on the right more than those on the left side. Both remained extended. 
. Motor phenomena iù association with, the flexion reflex of the right lower 
` limb.—All the iziuscles of the left lower limb became contracted, but the limb 


_ remained firmly extended. The trunk muscles were called into. action on both 
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sides in front and Кока. In the right, upper limb M ‘was strong contrac- 


| . tion of the abductors and adductors of thé shoulder; of the flexors and 


extensors of the elbow with a slow and incomplete movement of extension ; 
‘of the flexors and extensors at the wrist with extension at this joint; and of 
the flexors of the fingers so. that the hand became clenched. Sometimes rapid 
‘movements of extension alternating with flexion of the wrist were observed. 
In the left upper limb both adductors and abductors of the shoulder and 
flexors and extensors of the elbow were brought into action, but no displace- 
ment of the limb could be detected 

Motor phenomena wn associatton with voluntary movements of one i= 
- With powerful voluntary flexion or extension of the left elbow against resist- 
' ance a strong reaction occurred in the right upper limb, consisting of increased 
` contraction of all the muscles, but of some more than others, with the result 
that the following displacements occurred: Adduction and internal rotation of 
the shoulder, incomplete extension of the elbow, strong extension of the wrist 
with complete flexion of the fingers. Alternating flexion and extension move- 
ments at the wrist were sometimes noticed.. All the muscles of the trunk 
were brought into action, the extensors more strongly than the flexors. 
There was bilateral ‘extension of both lower limbs with increased, 'conirae- 
tion of all the muscles. The reaction was more powerful on the right side, 
where it was accompanied by inversion of the foot. 

When the right elbow, that of the paralysed side, was voluntarily flexed 
against resistance, the reaction.in the lowet limbs was the same as that just 
described. The response in the crossed (left) upper limb was feeble in com- 
parison with that obtained in the right upper limb, when the left (non- 
paralysed) upper limb was the seat of voluntary effort. It was confined to 
the proximal joints, and included slight flexion instead of extension of the 
‘elbow. 

‚ With voluntary flexion or extension of ‘the left knee against resistance 
there was usually extension of the trunk and of the other three limbs with 
general increase of muscular contraction. Sometimes with voluntary flexion 
of the left knee there was flexion of the right knee and of the right elbow. 

In association with voluntary extension of the right (paralysed) knee, there 
occurred extension of the trunk and of the other three limbs, the reaction being 
stronger in the right than in the left upper limb. Ж 
' Speaking generally, the reaction in the remote limbs was stronger when 
the voluntary effort was being made in one of the lower limbs than when one 
of the upper limbs was the seat of ‘the voluntary action. 

Ft was also noticeable that the reaction of the fellow limb was more 
strongly developed when the voluntary: effort was directed to а movement of 
а lower limb than to one of ап upper limb. 

"The outstanding feature of all these associated reactions was the.tonio 
contraction of antagonistic pairs of muscles involving in the first place the 
musculature of the trunk and proximal segments of the limbs, and spreading, 
‚ ag the yoluntary effort increased, to more distant segments. 
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‚ The contraction of some muscles exceeded that of their antagonists, with 
the result that segments of limbs ‘were displaced. This displacement was 
slow, deliberate, and rarely excessive; its direction at any given joint did nob" 
usually’ alter throughout a reaction. This rule had some exceptions, as for 
example in the alternating movements sometimes observed at the wrist. ` 

Finally, the reactions were less easily evoked in the healthy than in the 
paralysed limbs, and when present were usually confined to the proximal 
muscles апа unassociated with displacement. Nevertheless, ib was clear that 
though differing in intensity, the reaction'on each side was of the same order. 


CHAPTER IV.—REFLEX MOVEMENTS OF THE UPPER AND LOWER 
/ 
LIMBS IN QUADBIPLEGIA AND HEMIPLEGIA, 


(A) Appropriate Stimuli. ` 


One of the reasons that led Sherrington “to apply the term: 
nociceptive to certain reflex reactions, such as the flexion reflex, in 
decerebrate and spinal animal preparations, was that they are constantly 


, and most easily excited by potentially painful and harmful stimuli. 


Any form of nocuous stimulus is suitable, but the degree of noxa 
required varies under different conditions; sometimes protective 
‘yeactions may be evoked by stimuli which in the normal individual . 
would produée sensations of mild discomfort only. Thus after 
complete transection of the spinal cord in man vigorous flexion of the 
lower extremity may follow that form of light stimulation of the sole 
of the foot which is usually associated with a sensation of tickling ([6] 
р. 305). But as а rule such stimuli are effective when applied within 
ihe focus of the receptive field only and after & period of excitation of 
several seconds. Їп addition the isolated portion of the spinal cord 
must have reached a high degree of reflex excitability, and have 
become, a8 it were, habituated to flexor reactions by frequently 
recurring involuntary flexor spasms. ` 

Under ordinary clinical conditions, however, it is comparatively 
rare to find an injured spinal cord that is so exquisitely responsive to 


. stimuli; more often appropriate stimuli for the flexion reflex of the . 


lower limb are of the painful order. 

To elicit nociceptive reactions of the upper or lower limbs in our 
cases of hemiplegia and quadriplegia potentially painful stimuli were: 
usually necessary. Pricking or scratching the skin with a sharp pin 


` or pinching the tissues were usually employed. Hot or cold objects 
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were also effective provided their temperature was high or low enough 


. to be capable of exciting a sensation of pain when the test object was 


applied to a normal part of'the body. Thus No. 1 found that when 
he thoughtlessly grasped а cup of very hot tea with his hand, his arm 
went into.s violent extensor spasm and the cup was flung to the ground. 

The mere fact, however, that a stimulus is potentially harmful 
is not in itself sufficient to ensure a response. In addition to a nocuous 
quality a stimulus, to be effective, must possess a certain intensity and 
duration. We found that for nociceptive reflexes of the upper limb 
in hemiplegia and in quadriplegia the threshold value of stimulus was 
usually lowest in the palm. and axilla respectively. But here a single 
prick stimulus usually failed to evoke a response and often a series of 
pricks on one spot were unsuccessful. The most effective method of 


- stimulation was by dragging, the point of a pin along the skin, or by 


pinching the tissues. With . moderately firm pressure a response 
usually appeared after the pin point had travelled about one inch 
and the distance required was less if the pressure on the pin was 
sufficiently heavy to break the surface: Hence at any one point within 
the receptive field summation'of repeated pin-pricks was more capable 
of exciting a response than a single deep prick.. But still more 
effective was serial stimulation ‘of а number of points, as in dragging 


_the point of the pin across the skin. The effectiveness of a stimulus 


depended therefore as much on the extent of the surface to which 
it was applied as on duration and intensity. This probably explains 
the effectiveness of a crushing stimulus such as a pinch or squeeze 
of the skin and deep tissues or firm крш» with & broad object such 


‘asithe end of a pencil. 


The direction of the movement evoked in the lower limb can often 
be altered in quadriplegia when the intensity of the stimulus applied to 
the thigh is changed. Thus, extension of the lower limb is evoked by 
drawing the tips of the fingers firmly along the skin on the inner 
aspect of the thigh, but the movement changes to flexion when the 
skin is firmly pinched. We. have failed, however, fo obtain reversal 


‘of direction of the reflex movement evoked by increasing the intensity 


of the stimulus, when it is applied to-either the peripheral portion of 
lower limb in quadriplegia or hemiplegia or to any part of the upper 
limb in the latter. This was the case also in the upper limb in two 
examples of quadriplegia, but in No. 2 strong ‘stimulation of the palm 
of the hand or inner part of the forearm by pinching usually excited a 
biphasic reaction in-the upper limb, of which flexion at the elbow and 
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abduction at the shoulder formed the primary movement, and extension, 
adduction and internal rotation the secondary movement: stimuli of 
moderate strength applied to the hand or forearm evoked as в rule: 
the extension reaction only. 


In this patient and in No. 3 we did not succeed in evoking a’ 


flexion reflex of the upper limb by stimulation above the elbow, but 
a response of this kind was usually obtained in No. 4. In No: 1^ 
also it could be evoked by the employment of a special form of 
stimulus. Thus, when the strongly tonic internal rotators of the’ 
*shoulder were suddenly “ stretched ” by the observer, a movement, 
consisting of flexion at the elbow and wrist, flexion and abduction of 
the fingers and extension and abduction of the thumb was evoked. 


It was always quickly replaced by extension, adduction and internal 
rotation of the limb. 


(B) Reflez Movements and Receptive Fields. 


Within recent years considerable attention has been directed to the > 


study of reflex reactions evoked by potentially harmful stimulation of 
the lower.extremities in animals and man after lesions of the central 
‘nervous system. Work at the bedside and in the laboratory has been 
inspired by the researches of Sherrington, who first described and. 
analysed in detail the flexion reflex of the lower limb in decerebrate 


and spinal mammals. This phenomenon follows the application of ' 


a nocuous stimulus to the foot, and consists of flexion at hip and knee - 
and dorsiflexion of the foot with reciprocal relaxation Е the antagonistic 
extensors [10]. 

Beveral observers have investigated the reactions of А lower limb 
evoked by stimulating the foot under similar conditions in hemiplegia 
and paraplegia, and have found that they present in general the same 


. characters as Sherrington’s flexion reflex [6] and [16]. With lesions of 


the pyramidal tract at any level, pricking and scratching the sole of the 
foot evoke contraction of the flexors of the limb including the dorsi- 
‘flexors of the foot and toes. As in animal preparations reciprocal 
relaxation of the extensors of the limb forms part of the response. 

As a rule in hemiplegia and quadriplegia, when the.resting posture 
of the lower limbs is one of rigid extension at all joints due to excessive 
tone of the extensor muscles, reflex flexion can be evoked by appro- 
priate stimulation of any part of the limb below the knee, Although 
the response is most readily obtained, and with stimuli of least inten- 
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sity, from Ње outer part of-the sole of the foot, yet by scratching or 
squeezing the tissues of the leg the reaction can usually be excited. 
The Schaefer, Oppenheim and Gordon toe-phenomena do not essentially 
differ from the reaction described by Babinski [1]. Each of these 
observers merely recommends, stimulation of different parts of the 
receptive field for the -flexion reflex, of which “extension ” of the toes 
forms an integral part, or the employment of different kinds of noctous 
stimuli. 

.In the disorders we are ‘considering, therefore, ‘the receptive field 
or reflexogenous zone for the flexion reflex, has its focus in the sole of 
the foot, but also includes the whole of the peripheral portion of the 
limb below the knee. Above this level i& is usual to obtain the oppo- 
site movement, namely, extension of the lower limb, by harmful stimu- 
lation of moderate intensity, such as pinching, pricking or scratching 
the tissues of the thigh. ‘The extehsion reflex response consists of 


‘contraction of the extensors of the hip and knee and the muscles of the 


calf and sole of the foot. Along with the contraction of the extensors, 
the tone of the flexors of the knee'also appears to increase if the reaction 
is evoked when the limb is extended. The receptive field has its focus 
in the groin, genital and perineal. regions, but includes the thigh .and 
extends sometimes for a short distance on to the abdominal wall, 
especially in the middle line. 

Thus the hemiplegic or quidziplegie patient with spasticity of the 
lower limb in extensión frequently име two forms of reflex reaction 
to harmful stimulation :— 

(1) Reflex flexion at all joints, including upward movement of the 
toes, most readily evoked from the sole ‘of the foot, but also obtained 
by ‘strong stimulation of the foot and leg below the knee and sometimes 


‘of the thigh; and 


(2) Reflex extension of the ‘limb, сабар downward movement of 
the foot and toes, excited by the, application of appropriate stimuli to 
the proximal segment of the limb, especially to the parts lying near the 
perineum and external genitalia. . 

80 far we have been dealing with phenomena which have already 
been.described by Walshe [16], Riddoch [6] and others. . Turning now 
to nociceptive reflex reactions of the upper extremity in severe spastic 
hemiplegia and quadriplegia, we have been able. to evoke two main kinds 
of movements which displace the limb in opposite ‘directions; in one 
reaction the limb is extended at.the elbow and in the other it is flexed. 
As in the lower extremity, a response readily followed appropriate stimu- 
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lation within a large receptive field which extended from the peripheral 
portion to the basefof the limb and even on to the trunk. But whereas 
in the lower extremity excitation of the leg and foot evoked reflex 
flexion, and of the thigh and neighbouring portion of the trunk usually 
reflex extension, in the upper limb in any one patient it was more 
usual to obtain one form of movement only, whether the exciting 
stimulus was applied above or below the elbow. In some of the cases, 
chiefly hemiplegic, flexion at the elbow, and in others, chiefly quadri- 
plegic, extension at this joint occurred, but the receptive fields for both | 
reactions were approximately the same. 

In one quadriplegic patient (No. 2), however, either flexion of the 
elbow with abduction of the shoulder or extension of the elbow with 
adduction of the shoulder could be evoked by stimulation of the recep- 
tive field below the elbow; but appropriate stimulation above the elbow 
evoked an extension reaction only. of 

We propose to describe the first form of response ав an '' extension 

reflex of the upper limb.” It was the response- which constantly 
. formed the fully developed nociceptive reflex reaction in three of our 
four quadriplegic patients, and in one patient with hemiplegia. It is 
well illustrated in the serial kinematograph pictures on p. 412. Itisa 
vigorous movement which thrusts the extended upper limb backwards, 
at the same time producing extreme inward rotation, so that the palm 
of the hand at the height of the response faces outwards as well as 
backwards. The movement, when analysed at the different joints, is 
found to consist of elevation, adduction, retraction and inward rotation 
at the shoulder, extension at the elbow, hyperpronation of the forearm, 
flexion at the wrist and extreme adduction and extension of the fingers 
and thumb. : - ў , 
" The movement is во rapid and strong that it was found to be im- 
possible to determine by inspection and palpation the state of the 
antagonists while it was taking place—although they were cer- 
tainly contracted while the position produced by the reflex was being 
maintained. 

The receptive field for the reflex includes the palm of the hand and 
the palmar aspect of the fingers and thumb, the flexor and inner aspect 
of the forearm and upper arm, the axilla and the upper part of the 
chest, in front and behind, from about the second to the sixth ribs., 
The back of the hand and fingers and the posterior and outer aspects - 
of the limb were usually unresponsive, and a fully developed reaction 
could not be excited from these parts. The most excitable portions of 
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ilis field were the-four inner r walls of the axilla and the palm of the 
hand, and the former more than the latter. That the axilla and inner 
‘aspect of the upper arm form the focus or part of the receptive field, 
where the threshold value of stimulus ів lowest,is supported by the 
` following observations :— | 

. - (1) It seems to be the part of the limb which is the earliest 
to respond to stimulation after the lesion of the spinal cord. For 
evidence on this point.we are dependent upon observations im one 
case only made in, No. 1 by Lieut.-Colonel Gordon Holmes five days 
after the injury. He noted that with the application of several pin- 
pricks in series to-any part of the upper arm from the internal 
epicondyle to the axilla, a strong reflex movement occurred, con- 
sisting of adduction and inward rotation of the arm at the shoulder. 
By the time the patient came under our care, ‘thirty-five and a half 
months after the injury, the receptive field had spread to its full extent. 

(2) In all the quadriplegic patients who showed this reaction it 
could usually be evoked more easily from the axillary region than from 
the palm throughout the period of observation, which in No. 1 extended 
over six years. The difference in the thresholds for palm and axilla, 
however, was not great in any of our patients at & stage when their 

*. condition had become stationary. 

(8) The minimal motor response from any part of the receptive 
field consisted most frequently of the movement which was the earliest 
reaction to appear after the initial spinal shock had passed away. In 
two of the patients the first movement to be evoked by stimulation of 

_the upper arm or the chest was adduction and inward rotation at the 

shoulder, while in No. 3 the minimal response was extension of the 
‘elbow and flexion of the wrist afd extension and adduction of the 
fingers. ` D. ` 

The receptive field was strictly homolateral in all our. examples of 
hemiplegia and quadriplegia, with one exception in which it was 
bilateral for the reflex in one upper limb. This patient (No. 3) was 
paralysed in' all four limbs following a shell wound of the neck, but 
within two hours of his injury his right upper and lower extremities 
began to recover. By the time he came under our observation three 
days later all voluntary movements of his limbs on the right side could 
be performed, although his left upper and lower extremities were 

- helpless.except for feeble voluntary contraction of deltoid and biceps. 
Within а few months his right upper and lower extremities had, as 
regards motion, almost completely recovered. Analgesia of the inner 
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aspect of the upper limb: however persisted. Return of voluntary 
power in his left upper extremity was slow, and the limb showed 


rigidity of the same kind:and distribution as in Nos. 1 and 2. Reflex . 


extension was obtained in his left upper limb only, but the receptive 


feld was bilateral and practicaly symmetrical, comprising ihe palms . 


of the hands, the inner aspect of both limbs and the upper part of the 
chest in front and behind from about the second to the fifth ribs. 
The second form of nociceptive reflex reaction of the upper limb to 


which we draw attention in this paper was obtained:in hemiplegic , 


patients, and in two examples of quadriplegia (Nos. 2 and 4). Paralysis 
was, ав in all our cases with one exception (No. 8), associated with spas- 


‘ticity, but in this group the rigidity preponderated in the flexors over the 


extensors of the upper limb. 

The reflex response, for which a convenient term is “ flexion reflex 
of the upper limb,” was readily obtained in No. 6. On scratching the 
palm of the paralysed hand there occurred flexion of fingers, wrist and 


elbow, shght abduction and external rotation of the ‘upper arm snd- 


elevation of the shoulder. These were the main components of the 
general response which varied in details according to the situation of 
the stimulus within the receptive field. - This was invariably homo- 
lateral and corresponded’ almost exactly in extent with the receptive 


field for the extension reflex, covering the palmar aspect of the hand ` 


and fingers, the flexor and inner aspects of the forearm and upper arm, 
and spreading ' over the axilla and upper part of the chest on the same 
side. ` The focus of the receptive field, however, was differently situated 
in the two groups; it was peripheral in the palm for the flexor reaction 


. in hemiplegia, and proximal in the axilla and upper arm for the exten- 


sion reflex in quadriplegia. In the one example of quadriplegia (No. 4), 
however, in which flexion at the elbow was'the most common response 
obtained at this joint, it was most easily elicited, as in the other cases 
of quadriplegia, from the axillary region. 

Although flexion at the elbow in this patient usually formed part 
of the general reaction of the limb the response at other joints was 
different from that obtained in hemiplegia. For example, the move- 


‘ment evoked by scratching the palm or axilla consisted of adduction, 


elevation and outward rotation at the shoulder, flexion at the elbow and 
extension of the fingers and hand. This patient showed remarkable 


variability of response with alteration in the locality of the exciting . 


stimulus, and the spasticity and paralysis of the limb were relatively 
slight; but a patient with а similar form of quadriplegia, who has just 
come under our observation, shows a reaction of the same kind. 
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‘In. ode ар of dusdiiplegia (No..2) with extensor rigidity 
òf the upper limbs, flexion of the elbow with abduction and elevation 
of the shoulder could sométimes be evoked'by strong stimulation of the 
tissues on the ulnar aspect of the forearm and the palm of the hand. 
The response was a quick unsustained movement which was followed 
by the more, usual extension. response. It was more readily evoked as 
a bilateral reaction by simultaneous stimulation of both upper limbs 
'below the elbows. 

All the hemiplegic patients examined did ‘not “exhibit the fully 
deyeloped response. In many the reaction was limited to slight flexion 
‘of the fingers and hand with perhaps ‘some ‘pronation of the forearm, 
and in these the receptive field was confined to the palm. Thus the 
minimal motor response to. harmful stimulation in hemiplegia with 
spasticity is often flexion of the fingers, and, the foous of the recep- 
tive field the flexor aspect of the palm and digits. Оп the other 
hand in No. 7 we were able to observe the development of this reflex 
while the right upper limb remained completely paralysed and flaccid. 
The first movements to appear were abduction and external rotation at 
the shoulder accompanied at а later stage of recovery by flexion’and 
slight PODER at the elbow. 


D 


b Infhience of the Locality оў]. ts Stimulus on the Movements 
evoked—Local Sign. 


From the fact that one and the same nociceptive reflex in either 
the upper or the lower limb can be excited by stimulation of widely 
separate points within a large receptive. field, it might have been 
` assumed that considerable variations in the reactions evoked would 
be obtained.. This, however, was not found to be the case except 
when the paralysis was slight аз in No. 4.. Although minor modi- 
fications were evident, depending mainly on the relative amount 
` and,duration of contraction in those muscles which were in most 
intimate nervous. connection with the region stimulated, the general - 
form of the response of the limb as а whole remained true to type. 
For example, when reflex flexion of the lower extremity was evoked 
by stimulating the outer part of the sole, with dorsiflexion of the foot 
` there tended to be eversion, which. was replaced by inversion and 
‘adduction when the locus of the stimulus was on the inner border of 
_the .faot. Again, in е, reaction obtained by pinching the tissues 
round the knee, flexion at the knee and hip. was sometimes relatively 
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` greater than the movement of dorsiflexion of the foot and toes. But 
whichever part of the limb was stimulated within the receptive field 
for the reflex, flexion at all joints was the basic element of the response. 

In the upper limb also, in cases of severe hemiplegia and quadri- 
plegia, the nociceptive reactions evoked from the axilla and the palm of 
‘the hand were almost identical in general form. Variations attributable’ 
‘to the locality of the stimulus when present appeared in the initial 
part of the response before the general reaction developed completely. 

' For example, pronation of the forearm and flexion of the wrist and 
fingers were early movements to follow stimulation of the ulnar part of 
the hand in quadriplegia, while extension and adduction of the fingers 
and thumb were usually evoked more easily from the thenar eminence. 
So also extension of the elbow and adduction and imward rotation of 
the shoulder were prominent when the stimulus was applied near the 
elbow and shoulder respectively. But as soon as the full reflex effect 
developed these differences disappeared, the complete reaction being 
the same from whichever part of the receptive field it was evoked. 

Examples of severe hemiplegia showed in the nociceptive reaction 
-in the upper limb a similar relative independence of the locus of the 
stimulus. 

The reflexes we have been E in the upper and lower 
limbs in hemiplegia and quadriplegia, therefore, belong to types. In 
each case appropriate stimulation of a large reflexogenous zone, which 
possesses а focus or central area where the threshold value of stimulus 
is lowest and a fairly well defined boundary, evokes a response which 
in form апа direction of displacement of the corresponding limb- 
segments is almost but not absolutely stereotyped. With minimal 
reactions definite variations in the motor effects excited can be traced 
to the locality of the stimulus; but as soon as the complete or maxi- 
mum reaction is evoked modifications become submerged and disappear. 

Reduction in the adaptability of the reflex response to the site of 
nocuous stimuli has already been described in cases of paraplegia in 
flexion following transection of the spinal cord in the thoracic region. 
In these cases the prominent feature of the reflex picture is a massive 
reaction consisting of a bilateral flexor spasm of the trunk and 
lower extremities with evacuation of the bladder and rectum and 
excessive sweating. The receptive field comprises the whole of the 
paralysed region of the body and the situation of the stimulus has 
little effect on the form or extent of the movement except in sub-total 
reactions ([6] p. 845 and [4] p. 217). 
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There is one case in our series, however, in which reactions in' 
. upper limb were influenced considerably by the situation of the excit 
stimulus. The case No. 4 has already been touched upon in ot 
connections and may profitably be referred to again in so far as 
throws light on the present problem, but we Hope to deal with it m 
fully i in a later communication. 

The patient at the age of 17 years suffered from an illness wh 
was diagnosed as influenza. When he was allowed to get up ai 
three weeks in bed, he noticed that his lower limbs were weak. ^ 
disorder slowly increased and within a year after the onset his 
upper limb became affected in the same way. Later his right up 
limb showed signs of impaired motor function. At the present ti 
three years after the attack of influenza, he shows moderate weakr 
and spasticity of all four limbs. He suffers little pain, and ther: 
slight disturbance only of postural sensibility in his toes and of ves 
and rectal functions. The functions of his cranial nerves are nor. 
and radiographic examination of his spine fails to reveal any abr 
mality. 

Muscular tone is definitely increased in his limbs and trunk, n 

on the left than on the right side, but not to any marked extent. 
. his upper limbs the excess of tone is about equal in all muscle-gro 
: af the shoulders, at the elbows and wrists the flexors are more t 
than the extensors, but the fingers are hypotonic. In his lower lu 
the extensors perhaps offer more resistance to passive movem: 
than do the flexors. 

From a large receptive field, comprising the whole upper limb 
Shoulder and the upper part of the chest, nociceptive reflex movem 
can be evoked. These reactions are most easily obtained with w 
stimuli from the axillary walls and the inner aspect of the upper а 
for in this region a gentle moving contact on the skin with the tij 
the finger is capable of evoking a movement of the limb. The 1 
of the hand and the outer aspect of the forearm and upper arm 
‘much less responsive. 

The movement most commonly obtained consists of adduction 
external rotation at the shoulder, flexion at the elbow and extensic 
the hand and fingers, but the response varies in a remarkable mai 
with alteration in the locality of the stimulus. Thus when the reac 
is excited by scratching the palm of the hand, the movement at 
shoulder is abduction and retraction of the upper arm. Stimula 
of the back of the forearm yields adduction at the shoulder and of 
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inner aspect abduction at this joint. Again, when the stimulus is 
applied: tothe skin over the deltoid, the response is mainly strong 
elevation of the shoulder with adduction and external rotation of the · 
upper arm. 

Without enumerating, for the present, further examples of reactions 
evoked in this patient, we wish to make clear that variability of response 
with change in the situation of the stimulus is an outstanding feature 
in this case, im which disturbances ‘of voluntary power and muscular 
tone are relatively slight. 

A comparison of the reactions in this patient with those in more 
severe cases of quadriplegia and hemiplegia justifies the conclusion that : 
invariability of the response and enlargement of' the receptive field for 
any one protective reflex are indicative of the extent to which disinte- 
gration, of neural function has followed a lesion of the central nervous 
system ; from this point of view they have the ваше Signis ounce 88 
spasticiby and paralysis. 

The larger the field of a protective reflex the less do the reactions 
vary with the locality of the stimulus and the more каше is the 
ronez behaviour of the limb as в whole. j 


(D) Motor Биша accompanying the hos inat of the 
Upper and Lower Limbs. 


Three of the quadriplegic patients (Nos. 1, 2 and 3) showed ex- 
tensive reflex reactions involving the trunk and limbs. ` 

Irradiátion of reflex effect beyond the limb directly stimulated was 
very striking in Nos. 1 and 2, and was obtained with. either reflex’ 
flexion of the lower extremity or reflex extension of the upper limb 
when the response was powerful. For example, in No. 2, the following 
reaction was evoked by applying a strong nocuous stimulus within the 
receptive field on the right upper extremity. The stimulated limb 


` : was thrust violently backward with adduction and inward rotation of 


the upper arm, strong extension and hyperpronation of the forearm, so 
that the palm of the hand faced outwards, flexion of the hand and 
extension and adduction of the fingers.’ On the left side all the muscles 
of the upper limb above the wrist were brought into action, but some 
more strongly than others, so that some displacement of the different 
parts of the limb occurred; there was slight adduction of the upper 
arm with forward movement of the shoulder, flexion and supination of 
the forearm and slight extension and radial deflection of the hand. 


Palpation showed that erector sping and the anterior abdom 
contracted on both sides, and there was some flexion and 
the trunk to the right. Both extensors and’ flexors of th 
tremities became strongly contracted, the former more tha: 
во that there was rigid extension at hips, knees, and down 
ment of the feet and toes; the right lower limb was more £ 
the left. 

The whole response obtained: by stimulation of the pa 
hand in No. 1 was practically identical with that just descri 
was augmentation of tonus in both prime movers and antag: 
trunk, lower extremities and the crossed upper limb, and в: 
displacements at the different joints were observed. The 
worthy difference was that the rotation of the trunk to the 
side was more prominent, and was accompanied by slight fl 
hips when the patient was standing erect. 

From this fairly uniform response, however, variations o 
occurred in the case of No. 8. ‘It has already been mention 
patient was wounded by a piece of shell in the cervical po. 
spinal cord on July 15, 1916, and was for some time para 
four limbs; but by March, 1917, his ‘right upper and lower 
had almost completely recovered. Аф this time the nocicept 
reaction, was obtained in his left upper limb only. The 1 
however, be excited by appropriate stimulation, not only fro 
and the inner half of the upper limb and the upper part of 1 
the left side, but also from the corresponding parts on t 
side. Thus on scratching the skin of the right forearn 
apparent change occurred in the muscles of the right arr 
extension response was evoked in the crossed upper lim 
patient, then, there was identity in the forms of response 
stimulating corresponding parts within the receptive field c 
and opposite sides. The motor effects produced by the act 
reflex spread to the left lower extremity, and the direction : 
ment noted on March 27, 1917, is another point of dive: 
the reactions in Nos. 1 and 2. Whereas in the latter 
results in the lower extremities of nocuous stimulation o 
limb was invariably bilateral extension, in No. 8 they wer 
and consisted of a flexor spasm of the left limb. 

Scratching or pinching the toes.or foot so as to ex 
reflex flexion of the lower extremity usually yielded results 
equally extensive. For example, in No. 2a vigorous flexor 
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the left lower extremity was accompanied by the following changes in 
the musculature of the other three limbs and the trunk: Extension -at 
all joints of the right lower extremity including downward movement 
of the foot and toes, but tonic contraction of the flexors (hamstrings 
and pretibial muscles) also occurred; vigorous contraction of the 
erectores spinæ and recti abdominales, the former more than the 

` latter, and more on the stimulated side; in the left upper limb, slight 
but definite increase of tone in the adductors and abductors of the 
shoulder and in biceps and triceps with extension of the elbow; in the 
right upper limb, contraction of the adductors and abductors of the 
shoulder, biceps and triceps with adduction of the upper агш and slight 
flexion of the forearm. 


м 


А reaction of the same kind followed excitation of reflex flexion of - 


the right lower limb. In this case triceps contracted more strongly 
than biceps in the homolateral upper limb. 

Stimulation of the flexion reflex in the left lower extremity i in No. 3 
evoked as in No. 1 extension of the crossed lower limb, flexion at the 
elbow and adduction at the shoulder in the left (homolateral) upper 
limb and extension at the elbow, wrist and metacarpo-phalangeal joints 
in the right (crossed) upper limb. 

In No. 1 the response in the crossed lower extremity and in the 
irunk was the same as in No. 2, but in the arms & stronger and more 
widespread reaction was obtained. Sometimes movements ‘of all 


segments of the upper limbs were observed, and usually consisted óf · 


adduction of the upper arms, flexion and supination of the forearms, 


extension of the hands and of the fingers at the metacarpo-phalangeal - 
joints with flexion at the interphalangeal joints. These displacements, ` 


however, were never. extensive, especially at the proximal joints; and 
invariably palpation and inspection showed that, as in the associated 
reactions in No. 2, the antagonists of the muscles which brought about 


the displacements at the different joints did not become relaxed, as 


happened іп the flexion reflex, but, on the contrary, were more con- 
tracted than before. 

Summarizing our findings in three examples of quadriplegia, 
regarding change of attitude in the limbs ‘and trunk effected by 
nocuous stimulation of a hand or foot, the following general 
‘conclusions are arrived at :— 


(1) Stimulation of the hand or forearm evoked in Nos. 1 and 2° 


an extension response in the limb and adduction of the upper arm 
and flexion of the forearm in the crossed upper imb. To this rule 


No 8 is an exception. In this case stimulation of the left h 
forearm gave the extension response which was not accompar 
evident changes in the crossed upper limb. Also stimulation 
right forearm evoked & reaction in the left upper limb only and 
elbow extension and not flexion was observed. 

(2) The response in the lower limbs which followed appr 
stimulation of either upper limb in Nos. 1 and 2 was always b 
extension at knee and ankle. In No. 3 only one experiment wa 
to investigate this point and in it а flexor spasm of the left low: 
accompanied an extension response 1n the left upper limb. 

(3) Nocuous stimulation of the foot invariably evoked reflex 
of the stimulated limb апа extension of the crossed lower lim 
No. 2 the crossed response consisted of extension at hip and kr 
downward movement of the foot and toes, while in No. 83 dorsi 
of the foot and toes was sometimes observed. 

(4) The remote effects in the upper limbs from excitation o: 
flexion in one lower limb were variable. In Nos. 2 and 3 th 
result obtained at the elbow was extension in the crossed lin 
flexion in the homolateral limb. In No. 1 bilateral slight flexi 
the rule. 

Similar reactions were observed in our hemiplegic patien 

Ње response on the healthy side was comparatively feeble, es} 
in the upper limbs. 

Sherrington has described the postural alterations in the lin 
trunk, which, in the decerebrate and high spinal animal prepa 
follow nocuous stimulation of the fore and hind paws ([8] ү 
They show в certain variability as regards the direction of displa 

.of the limbs in different preparations and in different experimen 
the same preparation, but on the whole there tends to be a d 
correspondence between fore and hind limbs. That is to say fle 
one fore limb is accompanied by flexion of the opposite hin 
and extension of the other two. 

The order in which the different parts were involved in the r 
seemed to be the same in our patients as that described by Sher 
for animals. For example, stimulation of the right hand 
movement of (1) the stimulated limb, (2) the trank, (8) the righ 
limb, (4) the left lower limb, and (5) the left upper limb. Som 
however, the crossed upper limb appeared to be innervated 
than the lower limbs, but usually it seemed to be brought intc 
later and generally it was affected less than the rest of the boc 
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regards the lower limbs the homolateral showed a stronger reaction 
than the contralateral. 

. With excitation of the flexion reflex of the lower extremity the 
sequence of involvement in the resulting reaction was: (1) the stimulated 
limb; (2) the opposite lower limb; (8) the trunk; (4) the homolateral 
upper limb; and (5) the crossed upper limb. 

It was noticeable that stimulation of one lower extremity led to 
early and pronounced éffects in the other, whereas in the case of the ' 
upper limbs the crossed reaction as a rule was relatively slight. Thus 
it would seem that the lower limbs are, as regards reflex connections, 
coupled together.more closely than are the upper limbs. The former 
tend to react to reflex stimulation as a unit, while the latter are more 
independent of one another. 

The sequence of irradiation, or order of spread, of reflex effect within 
each limb taking part in the associated reaction followed a definite rule 
' which never varied. In the development of a complete reaction in 
association with a vigorous nociceptive reflex response of ап upper or 
‘lower limb the “ march,” of innervation in each of the other three limbs 
was from base to periphery. Thus the muscles of the shoulder or hip 
‘contracted before a definite change could be noticed in those of the 
elbow or knee and these again before the muscles of the wrist or ankle. 
The field of musculature most affected outside the limb directly stimu- 
lated comprised the trunk and the proximal segments of the limbs.. 
Increase in the intensity of the reaction Jed to: (1) augmentation of 
muscular contraction in these parts; and (2) progressive involvement 
of muscles more peripherally placed in the extremities. 

lt has already been pointed out that any displacement of the trunk 
and three limbs that occurred in the associated reaction was rarely 
extensive, although the muscles were frequently in strong contraction. . 
This was undoubtedly due to the innervation of antagonistic muscles, 
which also explains another distinctive feature of the associated move- 
ments, namely, their slowness. The movements of the limb and trunk, 
in comparison with the rapid displacement of the stimulated limb, were 
carried out slowly, almost “ deliberately.” Each was a steady smooth 
performance, a gradual alteration of attitude rather than a movement. 
It was also generally uniphasic in the sense that for each segment the 
direction of displacement did not change in the reaction even when alter- 
nating movements of the stimulated limb were evoked һу» prolonged 
stimulus. For example, by applying а continuous strong pinching ' 
stimulus to а toe, flexion of the lower limb was not usually main- 
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tained at в steady level, but was repeatedly broken through 
by active extension of the limb. The biphasic response 
however, was in general limited to the lower extremity ur 
tion, the rest of the body maintaining uniform posture. 


(E) Reflex Movements in Relation to Tonic Postures ој 
at rest. 


Although almost all the muscles of the affected limbs 
yet some were more hypertonic than their antagonists and s 
the postures of the limbs at rest. Thus in hemiplegia th 
is held in & position of flexion and the lower limb is extent 
sion was also the resting attitude of the’ lower limbs 
examples of quadriplegia recorded in this paper, but whil 
upper limbs were slightly flexed, in the other. three the 
rule strongly extended at the elbows. ` 

Extensor rigidity of all four limbs is the attitude usu 
in decerebrate mammalian preparations [12] and it ma} 
for; purposes of comparison with our own clinical obs 
summarize Sherrington's records of nociceptive movemen: 
poids in relation to the postural rigidity of the limbs ([9] | 

"Sherrington found that there ів mutual antagonism 
results ‘of nociceptive stimulation and the reflex posture 
at rest, not only їп һе sense that the former are concerne 
ments and the latter with maintained attitudes, but in t 
muscles which are opposed in function are employed. Т} 
рай of the hind foot is pricked а movement of flexion of 
»voked and with contraction of the flexors of the knee and 
8 simultaneous relaxation of the previously tonic extensors 
:esult follows harmful stimulation of the fore paw; wher 
nto hot water flexion is evoked at the elbow. which at res 
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the nociceptive reflex, which is excited from the base of the hind limb, 
employs the same muscles as are in tonic contraction when the limb 
is at rest. я 

So far as we know а nociceptive extension reflex has as yet not been 
described for the upper limb in laboratory preparations. 

Let us now examine our clinical observations in the light of 
Sherrington’s results in decerebrate animals. The postural attitude 
of the lower limbs in both hemiplegia and quadriplegia was extensor, 
due to preponderating tonicity of the extensor over the flexor muscles. 
This rigidity was inhibited and extension replaced by flexion when 
appropriate harmful stimuli were applied to the foot or to the leg 
below the knee. Sometimes reflex flexion could be obtained 
from the thigh by using intense stimuli. Usually, howéver, with 
stimuli of moderate strength extension and not flexion of the limb 
“was evoked from the thigh, especially near the groin. Thus, in respect 
of the lower limb, the postural and nociceptive reactions correspond to 
those described by Sherrington in decerebrate mammals. Opposite 
effects result from harmful stimulation of the peripheral and basal 
portions of the limb. From the foot reflex flexion is evoked with 
inhibition of the tonic extensor rigidity and from the groin reflex 
extension. In the former case the nociceptive reflex employs. the 
antagonists of the muscles which maintain the resting attitude of 
the limb, while in the latter the same muscle groups are innervated 
by the nociceptive and postural reflexes. 

On making a similar analysis of the postural and nociceptive reac- 
tions of the upper limb, it is evident in the first place that, urilike the 
case of the lower limb, a single uniform resting attitude does not hold. 
Examining, for example, the posture at'the'elbow-joint in three 
examples of quadriplegia, there was as a rule bilateral tonic rigidity 
of triceps with maintained extension of this joint when the limbs were 
at rest. Occasionally, in one example (No. 2), after the limb had been 
kept flexed for some time either passively by the observer, or through 
the voluntary efforts of the patient, tonus was found to predominate in 
biceps. But this was not the usual state. In No. 4 spasticity was 
less developed and more equal in antagonistic muscle-groups, but it was 
always greater in the flexor at the elbow than in the extensor. A resting 
posture of flexion at the elbow is well recognized in spastic hemiplegia 
and is almost the invariable rule. The occurrence of one posture 
rather than another in these states is of course due to an unequal 
development of tonus in antagonistic muscle-pairs; in severe quadri- 
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plegia with well, developed spasticity, the tonicity of triceps is greatly 
in.excess over that of biceps, and in hemiplegia with rigidity the 
opposite state obtains. As regards the posture at the other joints 
‘of the limb. in the two groups of cases there is less-difference. In 
‚ general the upper arm is adducted and rotated inwards, the forearm 
pronated and the wrist and fingers flexed. > 

In-quadriplegia, with the exceptions.of No. 4 and, under certain cir- 
 "cumstances, No. 2, whose cases will be considered separately, the nocicep- 
tive reflex of the upper limb when excited generally brought into action 
those muscles which by their extensive tonic contraction determined 
. the resting posture of the limb. For example, in Nos. 1, 2 and 8, the 

upper limb when at rest was held in the following position: Adduction 
and inward rotation at the shoulder, extension at the elbow, pronation 
of the forearm, and flexion at the wrist. Potentially harmful stimula- 
tion of the palm evoked в powerful movement of the limb, in which the 
upper arm was adducted and rotated inwards, the forearm extended 
and hyperpronated and the hand flexed. ` It must be again pointed out, 
however, that in No. 2 strong stimulation of the forearm or hand some- 
times evoked a movement of abduction at the shoulder and flexion of 
the elbow; but it was quickly replaced by adduction and extension. ' 

In hemiplegia, it is not the rule to find all the same muscles 
employed in nociceptive reflexes asin the postural reaction at rest. “For 
example, the usual postural reaction at the shoulder is one of internal 
rotation and adduction, whereas the movement produced by nocuous 
' stimulation is the result of contraction by the external rotators and 
abductors. Although flexion of the elbow, wrist-and fingers is the 
' general rule in both reflex reactions the movement of the forearm in 
the nociceptive reflex is always slight and in some cases tends io 
supination rather than pronation, the usual postural attitude of this 
segment of the limb at rest. 

We have been comparing nociceptive reactions with postural reac- 
tions in cases of severe hemiplegia and quadriplegia in which spasticity 
and paralysis, were well marked. One example of quadriplegia (No. 4) 
with much less spasticity and paralysis presented features of impor- 
tance in relation to those which have just been discussed. In this 
patient the disturbance of function due probably to a high cervical 
lesion was altogether less than in the other cases of quadriplegia. All 
voluntary movements were fairly strong and free; sensation, apart 
: from slight loss of postural sensibility in the feet and toes, was 
unaffected, and the ^vesical defect amounted to slight frequency of 
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micturition only; there were increased tendon-reflexes in the four limbs 
and the abnormal form of plantar response was present on both sides, 
but spasticity was relatively slight and was more evident in the lower 
than the upper limbs. Tonus however was quite definitely increased 
in all the affected muscles, but although it was, as in our other cases, 
unequally developed in antagonistic muscle-groups the inequality was 
not great. Inthe trunk and lower limbs, the extensors were somewhat 
more spastic than the flexors and there was difficulty in, clearing the 
ground with the toes in walking. In the upper limbs the flexors of 
the wrists and pronators of the forearms resisted passive movementa 
more than their antagonists and in this respect there was no difference 
from the distribution of tonus in the other examples of quadriplegia. 
But at the elbows the flexors and not the extensors were the more 
spastic muscles, and at the shoulders tone ae not predominate in any 
one muscle group over another. А 

Nociceptive reflex reactions were easily excited in either upper 
limb especially from the axilla and inner aspect of the upper arm 
- where a gentle moving contact with the tip of the finger was an 
effective stimulus. The reactions showed great variability with 
alteration of the site of the stimulus, but from the axilla the usual 
movement consisted of quick, elevation, adduction and external rota- 
tion at the shoulder, slight flexion at the elbow and extension of the 
wrist and fingers. "Flexion, however, was not the invariable move- 
ment at the elbow; extension usually occurred when the stimulus 
was applied to the posterior aspect of the forearm or upper arm near 
the elbow. Хе, : 

In this patient therefore in whom the paretic muscles were not 
excessively hypertonic the nociceptive reactions, which were deter- 
mined by the site of the stimulus, showed no definite relationship to the 
' distribution o muscular hypertonus or posture of the limb at rest. 

Thus the correspondence between the’ muscles employed in the 
nociceptive reflex of the upper limb and those determining the resting 
posture is almost complete in many cases of severe quadriplegia, less 
intimate in cases of severe hemiplegia and practically absent in the 
case of slight quadriplegia we have just described. 

On the other hand in all.cases there were two forms of noci- 
ceptive reflex in the lower limb—one employing the muscles deter- 
mining the extended posture of the limb at rest, the other bringing into 
action their antagonists. 

These facts appear to show: that pm reactions are inde-. 
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senden of postural rigidity in the’ upper as compared to the lower 
limb; the independence being less ‘marked the more severe the dis- 
. integration of function of the central nervous system. 


(F) Motor Phenomena, following Primary Reflex Movements. 


Displacement of ‘the limb in а particular direction is not the only 
consequence, of the application of a harmful stimulus. The primary 
movément, after if has reached its height, is succeeded either by an 
active movement, which is opposite in direction to the first (rebound 
phenomenon of Sherrington ([8] p. 208), or by active maintenance of 
the; attitude into which the limb has been placed by the movement, 
until gradual relaxation supérvenes. 

In cases of quadriplegia and hemiplegia with à rigidity of the 
lower limb, when the stimulus is applied below the knee, the former 
' mode of reaction is usually observed, flexion followed by extension. 
This secondary movement of extension, however, is not a’ passive 
phenomenon in the sense'of being due only to relaxation of the flexors 
and the weight of the limb. It is the consequence of active contraction 
of the extensors of the hip, knee and ankle and of the short muscles of 
the sole of the foot. Generally speaking, the strength of the secondary 
extensor contraction varies directly with (1) the strength of the primary 
flexion of the limb and (2) the Tre of - extensor rigidity present in 
the limb at rest. 

Sherrington’s analysis of РЕТИ biphasic movements of the hind 
limb. in the decerebrate cat shows that during the execution of the 
primary movement of flexion the extensors are reciprocally inhibited. 
When the movement of flexion has reached its height and the flexors 
, begin to relax, the extensors are innervated and the resulting con- 

traction, which extends the limb, is stronger than the tonic contraction 
of these muscles before the reflex was excited (post- -inhibitory exalta- 
tion). If with the limb at rest the degree of tonic contraction in the 
‚ flexors is approximately equal to that in the extensors, as in the spinal 
cat or dog, then the secondary extension may be followed by flexion 
7 and this again by extension (reflex steppage movements). 

This phenomenon of serial alternating reflex movements of flexion 
and extension can sometimes be obtained in cases of paraplegia ([7] 
- p. 49) and quadriplegia in шай when the degree of extensor tonus 
approximates that of flexor tonus in the lower limb (No. 4). But when 
hypertonus preponderates in the extensor muscles, as in hemiplegia and 
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most of our examples of spastic quadriplegia, then harmful stimulation 
of the foot evokes a single biphasic movement of flexion followed by 
extension, the series of alternating movements being interrupted at 
this point. The probable explanation of this event is that post- 
inhibitory exaltation of the flexor reflex arcs at the end of the extension 
phasé of the movement is insufficient to overcome or inhibit the extensor 
hypertonus which becomes automatically reasserted. | 

In hemiplegia айй quadriplegia, with extensor rigidity of the lower 
limb, reflex flexion evóked by the application of an appropriate stimulus. 
is thus not’ maintained after the completion of the movement, but is 
inevitably followed by в movement of extension which brings the 
limb back to its usual position of rest. Although the reaction to & brief 
stimulus is limited to a simple biphasic movement of flexion followed 
by extension, a more prolonged stimulus is usually followed by a more 
complex response. ' 

In this case & series of movements, extension alternating with 
flexion, separate the complete primary flexion of the limb from its final 
extension. These movements, however, are of small range and often 
of irregular rhythm. Although alternating movements of this kind 
may persist for a considerable period while steady stimulation is being: 
maintained, they gradually die out and disappear, the limb being finally 
left in its previous state of tonic extension. 

A reaction in which extension forms the first phase may also be 
evoked’ by stimulating the lower limb. This, it will be remembered, 
can be obtained by a stimulus applied to the thigh. If the stimulus 
is sufficiently strong, the primary movement of extension is followed by 
one of flexion, which again is succeeded ‘by extension. The triphasic 
character of this reaction probably depends on the fact that, the initial 
movement being one of extension, three phases are necessary to bring. 
the limb back to its resting attitude determined by its extensor rigidity. 
This, may be compared to the biphasic result of stimulating the foot 
when the first movement is one of flexion and only a second is cxi d 
to replace the limb in its extended position. 

Active maintenance of the attitude into which в limb has been 
placed as the result of nocuous stimulation is the other kind of mote 
phenomenon to follow the primary movement. In the cases under con- 
sideration this occurs only when the primary reflex movement is one of 
extension of the limb and, therefore, is limited to reactions which 
commonly follow stimuli of moderate intensity applied above the knee. 
The prolonged contraction of the extensor muscles following a brief 
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stimulus must be regarded as an essential part of the reflex action. 
"Relaxation takes place gradually after a few seconds and the limb is 
finally left with its original degree of extensor rigidity. In cases of 
‘spastic paraplegia with flexor rigidity this mode of reaction, represented 
by & prolonged contraction of the flexor niuscles, is a common sequence 
- of reflex flexion. 

"We have observed, therefore, two varieties of zatona following the 
application of & nocuous stimulus to the lower limb. The first is 
represented by alternating movements, which may be biphasic or 

' triphasic according to whether the primary movement is one of flexion 
or extension. In the second there is a temporary maintenance of the 
posture produced by the primary movement. 

As'far as our experience goes nocuous stimulation, of the upper limb 
usually fails to produce biphasic or triphasic phenomena following the 
primary reflex movement. According to the strength of the stimulus 

' either a simple momentary displacement is.as a rule evoked, or this 
new posture is maintained for a few seconds and then gradually fades 
away. ; 

In hemiplegia, tib instance, ЕТА of the palm of the hand is 
followed by flexion, rarely by extension, of the elbow. In either case 

the after-effect of a stimulus of moderate intensity is to maintain for a 
time the displacement produced by the primary movement. 
< Bo also in quadriplegia, the same phenomena following the primary 
reflex movement are observed ‘although the latter is more often extension 
than flexion at the elbow. ' In No. 2, however, a biphasic reaction in the 
' upper: limb could sometimes be evoked by strong stimulation of the 
flexor aspect of the forearm or hand. It consisted of flexion of the elbow 
and abduction of the shoulder quickly followed by strong extension and 
adduction. \ | 
^" » The rarity in the upper limb of alternating movements such as occur 
in the lower limbs might at first sight be ascribed to the development 
of excessive tone in certain muscular groups. It is true that the muscles, 
which determine the direction of the reflex movements in either severe 
: hemiplegia or quadriplegia, are generally those carrying & preponderating 
` amount of tone when the limb is at.rest. To,this rule there are certain 
exceptions. For instance, in hemiplegia, whereas the adductors and 
internal rotators of the shoulder are more tonic than their antagonists 
at rest, abduction and external rotation are prominent features of the 
reflex movement. Moreover, it must be remembered that biphasic and 


anne movements can be evoked in the lower limb in spite of an 
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excessive extensor rigidity prevailing while the limb is at 
we have been able to elicit а reflex movement without bip) 
in the upper limb of a hemiplegic patient, while his para 
completely flaccid and without tendon jerks. 

- A more probable explanation lies in the fact that the 
primarily an organ for locomotion, а form of activity to wh 
movements are essential. On the other hand the inher 
the upper limb is prehension, an action characterized 
flexion. 


CHAPTER V.—PosTURAL REACTIONS IN QUADRIPLI 
; HEMIPLEGIA. 


(4) Nature of Spasticity. 


There can be no doubt that the phenomena whi 
described in the preceding chapters are reflex in or: 
clearly they are not all of the same order. Judged 
produced it is possible to distinguish two groups, in one 
reflex activities are expressed as postures, and in the c 
reflex movements involving displacement are manifested 

On the basis of this distinction it is our, purpose no 
some of the reflex reactions in quadriplegia and hemiple 
of a similar nature which have been investigated by p: 
mammalian preparations and by clinicians in spastic para 

The state of maintained muscular contraction or r 
under favourable conditions, follows the removal of the c 
pheres in the monkey, cat, dog, and other animals, was 
by Sherrington in 1896 ([9] p. 411). Since then he hi 
extensive studies of the phenomenon, and has shown co! 
it is reflex in origin and is postural in function—the pc 
subserves being the maintenance of the upright positior 
In other words, it is reflex standing. In decerebrate ri 
described certain characteristic features the recognition 
played an important part in the investigation of spastic s 
Investigations along these lines have already been mi 
extensor rigidity of the lower limbs, which may follow 
spinal cord ([16] p. 269 and [6] p. 329). In patients : 
paraplegia of this form the lower extremities are rigid 
from. excessive developments of reflex tonus in the ext 
hip, knee, and ankle (calf muscles). This rigidity has l 
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resporid to, tests in the same way as the rigidity of decerebrate mam- 
malian preparations, and it appears to have the same functional 
significance. For when it is present the weight of the body can be 
. Supported in the upright position even in cases where voluntary power 
, over the lower limbs is lost. 

Hitherto, so far as we know, the spasticity of the somatic muscu- 
lature in:cases of quadriplegia has not been investigated in the light of 
Sherrington's researches, and the resemblance in most respects between 
the rigidity in our cases and that of the decerebrate animal is sufficiently 
striking to make the comparison a matter of some interest. | 

The distribution of the rigidity in the decerebrate preparation in the 
resting state is fairly constant, and determines the attitude of the body 
and its component parts. Sherrington ([9] p. 412) gives the following 
description of the posture of the decerebrate monkey when it ів 
suspended in a cradle with its limbs hanging down. Тһе fore-limbs 
are retracted at the shoulder-joints, straightened at the elbows and 
somewhat flexed at the wrists; the limbs are so rotated that the 
palmar surfaces of the hands face inwards. The hind-limbs are 
similarly retracted, extended at the hips, very stiffly at the knees, and 
to в less extent at the ankles. There is slight opisthotonos in the 
lumbo-sacral region; and the head of the' animal is kept elevated with 
the chin,tilted forwards. 

The -points of similarity between this attitude and the eaten 
assumed by No. 1 in standing are in many respects very close. It is 
true that the slightly flexed attitude of the trunk in Nos. 1 and 2 is in 
contrast with the lumbar opisthotonos of the monkey, but this difference 
may, be ‘accounted’ for by the fact that the respective descriptions 
correspond to the erect position of the former and the horizontal prone 
attitude of the latter. It is in relation to the limbs, however, that the 

‚ postures are most in agreement. The lower extremities are extended 
at all joints and the upper limbs adducted, internally rotated, but 
not markedly retracted, at the shoulders, extended at the elbows, the 
_forearms semi-pronated, and the wrists slightly flexed. The posture of 
ithe upper extremities is particularly arresting because of its rarity in man. 
Its occasional presence in the so-called tonic fits of Hughlings Jackson, 
however, is в fact to which Kinnier Wilson ([18] p. 220) has recently 
drawn attention. In the same paper this observer has described & 
‘state of maintained muscular contraction, following “ acute physiological 
-decerebration," in cases of internal hydrocephalus and of gross lesions 
of the mid-brain, which, as regards its distribution and the resulting 
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attitudes of the body and its component parts, resembles decerebrate 


rigidity. . The postures of the limbs in some of his cases are reproduced · 
gidity. P 


with precision in our quadriplegic patients. 
These considerations show that the distribution of the steady 
muscular tension or rigidity, to which in the absence of movement the 


maintained posture of the trunk and limbs in Nos. 1 and 2 was due, is. > 


at least very similar to those observed in animals after anatomical, and 
in man after physiological, decerebration. Broadly. speaking, the 


attitude. is one of general extension with pronation of the upper . 


extremities or fore-limbs. 


Sherrington states that the tone of those muscles which oppose 


the rigid muscles in decerebrate rigidity is mildly inhibited under the 
influénce of reciprocal innervation. He says: “The tonic excitation is 
supplied only to.one member, the extensor, of antagonistic muscle pairs. 
There is evidence that the flexors’ are under a niild tonic inhibition, the 
counterpart of the tonic excitation of the extensor motor neurons" 
( [10] р. 105). In other words the tonic or postural reflex, while 
bringing about steady contraction of the extensors, at the same time 
causes slight relaxation of the flexors, and the one process is propor- 
tionate in degree to the other although of opposite sign. 


We made в point of repeatedly examining the condition of those 
antagonists which from their superficial position are open to palpation, ' 


and although our methods did not admit of exact measurements being 
made some trustworthy information was obtained. In the first place 
it was certain that the antagonists were less strongly contracted than 


the agonists. They were more pliable, yielded more to pressure and ' 


‘could be displaced from side to side more readily. In addition they 
' offered less resistance to passive lengthening. We were able, moreover, 


to satisfy ourselves of the presence of a definite relationship between’ 


the states of tonus of antagonistic muscles. ‘The strength of the 


postural contraction of the rigid muscles varied from time to time, and ` 


when the limbs were at'rest the stronger the contraction in triceps the 
more relaxed the biceps and vice verså, This point was well brought 
out by в comparison of the states of different antagonists. Some were 
found habitually to be more relaxed than others and it was noticed that 
' those muscles which showed the least rigidity were opposed in their 
action to muscles which were invariably strongly contracted. Thus 
the curve that is given to the tip of the shoulder by deltoid in the 
healthy individual was absent in No. 1. The muscle was not appre- 


ciably wasted, but it was flat and more or less flabby in contrast to the 
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powerfully н and prominent pectorals. On the other hand 
when the upper limb was at rest triceps was rarely so rigid as the 
muscles of the anterior axillary wall and biceps usually stood out well, 
preserved its natural form and was of firmer consistence than deltoid. 

Yet it could not be said that any of the antagonists of the rigid 
muscles which were examined were ever hypotonic; indeed at least 
some of them always appeared to be more strongly contracted than 
the corresponding muscles in a healthy individual. Notable examples 
were biceps, the extensors of the wrist, the hamstrings and the dorsi- 
flexors of the foot. In this class should also be placed the muscles of 
the anterior abdominal wall which, according to Sherrington ([11] 
p. 212), exhibit the same reactions as the extensor muscles in the 
decerebrate animal. That the abdominal muscles subserve postural 
functions is shown by Kelling's experiments ([5] S. 161) on the intra- 
abdominal pressure'in the dog. —' 

This general but unequal raising of tonicity in somatic muscles 
when at rest we have also found to hold in spastic cerebral hemiplegia. 
Here the rigidity is distributed in the trunk and lower limb to the 
extensor muscles as in the extensor form of' spastic paralysis from 
lesions of the spinal cord, but in the upper limb the flexors and not the 
‘extensors are overloaded with tone; hence the well-known attitude of 
the arm in such cases. But again, examination of the flexors of the 
lower extremity and ‘trunk and of the extensors of the upper limb shows 
that these muscles maintain a steady contraction of a strength usually 
above the normal. As we shall see later, however, the rigid muscles, 
which by their overbearing activity determine the posture of the 
affected parts, show reactions which are poorly developed in their 
antagonists. 

For a comparison of the spasticity in the cases under discussion 
with the rigidity of the decerebrate animal the relationship between 
the tonic states of resting antagonistic muséle-groups i8 g question of 
considerable importance. From laboratory experiments on animals 
Sherrington ([11] p. 196) has concluded that when one muscle of an 
antagonistic muscle-pair is contracted the antagonistic muscle is recipro- 
cally relaxed. Our-observations on the tonicity of the resting muscles 
are mainly in agreement with this statement. The muscles which are 
antagonistic to those exhibiting a high degree of tonic activity were 
relatively relaxed, but, compared with the muscles of the intact 
individual, their tonicity was increased. 

With regard to the development of spasticity in different parts of 
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the body there is again considerable correspondence between our 
patients’ with quadriplegia and decerebrate animals. In the monkey, 
dog, cat, rabbit and guinea-pig rigidity after decerebration is more 
intense in the fore-limbs than in the hind-limbs ([12] p. 319). In the 
hind-limb the knee is the principal joint affected; the ankle is less 
implicated but is more rigid in extension than is the wrist in flexion. 
According to Sherrington the digits are never affected at all. 

The condition found in Nos. 1 and 2, examples of quadriplegia, 
corresponds fairly closely with this description. In No. 1 the rigidity 
was much greater in the upper than in the lower extremities, although 
in No. 2 the distribution was less unequal. The extensors of the knees ' 
showed more tonic contraction than the extensors of the hips or ankles 
and, ав in animals, the toes could be moved passively up and down 
without any resistance being encountered. Some of the muscles acting 
on the fingers, however, were hypertonic and others hypotonic, a con- 
dition which Sherrington does not describe in the decerebrate monkey. 
More especially in No. 1 the thumbs were steadily held against the 
palmar aspect of the index fingers, this position being maintained by 
powerful tonic contraction of the adductors and opposers of the thumb. 
Any effort. on the part of the examiner to separate the thumb and 
index finger was met with strong resistance which increased within 
limits in proportion to the force exerted and to the rapidity of the 
attempt at passive displacement. Usually an adductor clonus was set 
up. But in contrast to the adductor rigidity о? the thumb the fingers 
were extremely flexible. This was especially the case in No. 2 whose 
fingers could be passively hyper-extended and separated to ап extreme 
degree. Passive flexion at the metacarpo-phalangeal joints could be 
less completely accomplished and there seemed to be quite definite 
increase of tone in the extensors of these joints. It will beremembere . 
in passing that of the muscles which play directly on the wrist rigidity 
was more evident in the flexors than in the extensors. 

_ The little and ring fingers in No. 1 also showed an absence of 
rigidity and an unusual freedom of movement. But while the other 
two fingers of the hand, in particular the index, could be readily over- 
extended, yet sudden jerky movements immediately excited brief con- 
traction of the flexors. In the resting state and under the stimulus 
produced by slow stretching of their fibres the muscles of the radial 
fingers seemed to be almost flaccid, althouga a sudden increase of 
tension would excite a momentary resistance to passive lengthening. 

A feature of postural activity in general, and one which is well 
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brought out in decerebrate rigidity, is the slow development of fatigue 
associated with it. If both hemispheres are removed and rigidity is 
well developed, strong tonic contraction of the extensor muscles is 
maintained for hours on end. This inexhaustible contractility was 
present in No. 1, especially in certain muscle-groups, notably the 
adductors and internal rotators of the shoulders, the pronators of the 
forearm and the flexors of the wrist. In No. 2, however, spasticity in 
the upper limbs was. never so strong as in No. 1, and was maintained 
also at a less uniform level. When his arms were supported on the 
bed triceps usually became almost flabby, but tonic contraction could 
readily be excited again by passively moving the forearms backwards 
and forwards so as to alter the tension of the muscle. It should be 
remembered of course that in our cases conduction between the spinal 


‘cord and the cerebral hemispheres was by no means abolished; volun- 


tary power and sensibility though disturbed were still present. This 
is of interest because in animals with hemi-decerebration, that is to 
say, with unilateral transection of the mid-brain, a similar waxing and 
waning of extensor rigidity is usually observed. 

Perhaps the most characteristic phenomena of muscles showing 
postural contraction are what Sherrington has called the ,''length- 
ening ” and “shortening " reactions. They can be demonstrated in the 
extensor muscles of the decerebrate preparation. in the following way. 
With the animal lying on his side the observer elevates the hind-limb 
into the vertical position and the knee remains extended from tonic 
contraction of vasto-crureus. If.he now passively bends the knee, so 
as to lengthen the extensor, the leg will be held in its new posture by 
the muscle against the action of gravity, the tonic contraction of the 
muscle being вв strong as before. This is the “lengthening ” reaction. 
Бо also when the attachments of vasto-crureus are approximated by 
passively extending the knee, the “shortening” reaction is evoked and 
the leg is retained in the position into which it has been placed by 
the same degree of steady contraction of the muscle. 

` Similar results were obtained from experiments of the same kind 


‘carried out on vasto-crureus and triceps in Nos. land 2. In other 


words, they showed that (1) the steady-tonic contraction of these 
muscles was sufficient to oppose the action of gravity on the part of the 
limb peripheral to the joint upon which each plays, and (2). this tonic 
or postural function is independent of the muscle length. This property 
of muscle in postural contraction to become reflexly adjusted to different: 
lengths while counteracting the same load, led Sherrington to apply 
the term plastic tonus to what he later termed postural activity. 


t , 
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The conditions essential for the appearance of the shortening reaction 
are clearly shown in the case of the knee-jerk. When reflex postural 
activity is much diminished, as it isin the extensor of the knee, in spinal 
animals ([11] p. 211), and in spinal man ([6] p. 356), the knee-jerk 
may be brisk and ample, but relaxation is as quick or quicker than con- 
traction, so that the leg falls like a dead weight. When, however, 
postural contraction is highly developed, as after decerebration, although 
the initial extensor contraction is just as rapid and easily evoked by 
tapping the patellar tendon as in the spinal preparation, relaxation is 
very different. Inthe decerebrate preparation the leg does not drop at 
once, but remains in the extended position into which the quick con- 
traction of the knee-extensor has placed it, and is held there for several 
seconds; then it may gradually fall. A shortening reaction has been 
appended to the jerk contraction ([11] р. 211). | 

This phenomenon has been observed in the knee-jerk in. spastic 
paraplegia in extension ([6] p. 857), and we found it to be remarkably 
developed in the patients described in this paper. In No. 2 it was 
particala:ly well shown in regard to both the triceps-jerk and the knee- 
jerk... The following observation was repeatedly made. The. lower 
limb flexed at the knee and rotated outwards at the hip was passively. 
raised off the bed and held in this, position by the observer. Serial 
knee-jerks were then evoked by gently and rhythmically tapping the 
patellar tendon -at intervals of several seconds. With each jerk the 
knee became a little more extended than before, and remained in this 
position until the next reaction was evoked. Atter several knee-jerks 
had been excited the position of the limb had become altered from one 
of flexion to one of almost complete extension. Knee-jerks evoked. in 
this way thus lead to a step-like shortening of quadriceps extensor 
with progressive extension of the leg. The phenomenon was evoked 
equally well in No. 2 without the employment of percussion of the 
tendon. In his case sudden passive stretching of the extensor of the 
knee often excited a rapid clonus occurring at the rate of about 200 per 
minute. With each rhythmic movement the leg became extended a 
little more till finally extension at the knee was complete. The’ 
mechanism by which the extensor muscle was sbortened in this case 
was the rapidly recurring excitation of the tonic reflex by the weight of 
the limb in each relaxation phase of the clonus. Progressive shorten- 
ing reactions of the same ordef have recently been studied graphically 
in the vasto-crureus of the decerebrate cat by Viets ([15] р. 269). 

The phenomenon, however, seemed to occur only when the jerks 
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evoked were of small amplitude. When the reflex was evoked by в 
strong stimulus so that the upward excursion of the leg was extensive 
the ‘heel, in the relaxation phase, dropped almost immediately, some- 
times to be arrested before it reached the bed. A reaction of this kind 
could. be readily studied in No. 1, in whom extensor rigidity in the 
lower extremities was less well developed than in No. 2. We can Dest 
illustrate the main features of this-reaction by describing briefly an 
experiment which was frequently repeated, and gave more or less con- 
stant results. With the patient lying on his back in bed his thigh was 
grasped by the observer, and his lower extremity suddenly elevated. 
The increased tension on quadriceps extensor caused by the weight of 
the leg and foot usually excited the tonic reflex, and the leg remained 
for a time extended in the air, although the extension was not, asa 
rule, complete. The patellar tendon or the leg was now smartly tapped 
so as to evoke a quick vigorous contraction in the extensor of the knee. 
This brought about sudden elevation of the leg, so that extension at 
knee became complete, followed almost immediately by rapid fall of the ` 
leg and foot from relaxation of the extensor muscle. If the thigh was 
being so held by the observer that there was considerable flexion at 
the hip relaxation of quadriceps extensor was usually arrested and 
replaced by tonic contraction before the heel reached the bed, and after 
one or two minor jerks the leg came to rest still suspended in the air, 
but at a lower level than before. 

An analysis-of the reaction shows that before the patellar tendon 
was tapped the leg was being supported against its own weight by the 

.postural tonic contraction of quadriceps extensor. The appropriate 
stimulus for the knee-jerk, differing in its shorter duration and its more 
sudden application, excited a movement, namely, the upward jerk of the 
leg, and at the same time inhibited the tonic contraction of the extensor 
muscle. The quick contraction which caused the jerk was rapidly 
replaced -by relaxation allowing the muscle to be passively stretched by 
the weight of the leg and foot; and it was only after the muscle had 
bécome elongated to more than its original length that the passive 
stretching excited once more the tonic or postural reflex. The descent 
‘of the limb was then arrested and the stoppage again evoked a mild 
jerk which was repeated before the reaction finally ceased. 

The ease with which a tonic or postural reflex is inhibited by a 
kinetic or movement reflex employing antagonistic muscle groups has 
‘been shown by Sherrington and others to be one of the features of 
postural contraction. The phenomenon can be readily demonstrated in, 


a 


458 ' ORIGINAL ARTIOLES AND CLINICAL CASES 


the decerebrate preparation and in spastic paraplegia in extension in 
man by evoking a flexion reflex of the lower limb. With contraction 
of, the limb-flexors there is simultaneous and proportionate relaxation 
of the previously rigid extensors. But in this respect the knee-jerk 
experiment we have just described is of particular interest, for it shows 
that in the same muscle inhibition of plastic tonus can occur simul- 
taneously with the excitation of-a quick contraction. Moreover the 
nature of the stimulation required for the postural and the kinetic or 
movement reactions is of the same kind although differing in intensity 
and duration. That dissociation of these reflex-effects can occur is most 
likely due to difference in reaction-times. Attention has been drawn 
to this difference in relation to the reflex reactions of the movement 
and postural adductors of the mollusc Pecten, and in this connection ` 
Sherrington ([11] p. 204) says that “the speed with which the postural 
muscle can by contraction shorten its length is relatively slow as com- 
pared with that of the movement muscle.” 

It is worthy of mention again that in our cases it seems that the 
strength of excitation of the kinetic reflex had some influence in allow- 
ing the dissociation to appear, for it was not observed when knee-jerks 
of small amplitude were evoked by gentle taps on the patellar tendon ; 
then the shortening reaction was immediately eppended on the twitch. 
The probable explanation of the difference obtained with variation in 
the strength of the stimulus is that, as in reciprocal innervation of 
antagonistic muscle-groups, the degree of inhibition of postural con- 
traction is proportionate to the degree of excitation of kinetic contraction. 
Thus with a feeble knee-jerk inhibition of postural tonus in the vasto- 
crureus is slight, whereas it is more complete with a large knee-jerk. 

While dealing with the distribution of rigidity in the resting muscles 
in the cases of quadriplegia we stated that although the antagonists of 
the rigid muscles were relatively inhibited yet, as compared with the 
resting muscles of the intact individual, they were hypertonic. It was 
also mentioned that certain properties which were conspicuous features 
of the agonists were poorly developed: in the antagonists. These 
properties are the lengthening and shortening reactions. 

When we say that the antagonists were hypertonic we mean that 
to the clinical tests we employed they behaved in the same way as the ` 
more tonic muscle-groups though in lesser degree. This was the case 
at all events with biceps and the hamstrings. For example, sudden 
passive stretching of these muscles led to a temporary increase in their 
_tonic contraction, the increment disappearing when the stretching 
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process was stopped. Thus tonic reactions^could to some extent be 
obtained in biceps and the hamstrings, but they were insufficiently 
developed to counteract the action of gravity on the limb and the 
greater tonic activity of the extensors. For in No.1 when the upper 
limb was flexed at the elbow so that gravity acted on the forearm the 
tonic.contraction of biceps was never sufficient to retain the forearm in 
this position and the elbow immediately became extended. The same 
result was obtained with the flexors of the knee. 

As bas already been mentioned, however, in No. 2 it was sometimes 
found that after his upper limb had lain in a flexed position across his 
chest for some time biceps became the more contracted of the 
antagonistic muscle-pair. When tested under these conditions the 
phenomena of well developed plastic tonus could be shown to be 
present; the forearm could now be placed in any position and held 
there by the tonic contraction of biceps. Progressive shortening of 
the muscle could also be induced by evoking в series of biceps jerks, 
although under the more usual influence of tricipital rigidity this 
reaction was not obtained. 

The occurrence of plastic flexor fone in animal preparations is 
not unknown. According to Graham Brown ([8] р. 180), states of 
‘maintained flexion in the limbs may occasionally appear in the narco- 
tized monkey during systematic examinations of cortical motor reac- 
tions. They may also appear from time to time in the decerebrate 
monkey or anthropoid ape, and maintained flexion of one fore-limb 
is often found in association with maintained extension of the other. 
(In our patient flexion of the upper limb occurred sometimes with 
flexion and sometimes with extension of the opposite upper limb.) 
Graham Brown notes that the posture of the limb may change either. 
suddenly or gradually, a feature which we observed in No. 2. In No. 2 
also, ав. in the monkey, triceps was in a state of mild relaxation во long 
as the plastic tonic contraction of biceps continued. In addition 
Graham Brown has found that in the monkey, which has been decere- 
brated by section of the neuraxis just, in front of the anterior colliculi, 
unipolar stimulation on the cross section within an area corresponding 
with the site of the red nucleus evoked flexion of one fore-limb at the 
elbow with simultaneous extension of the other. These reactions are 
characterized by a marked after-discharge, so that for several minutes 
after cessation of the stimulus Remon is maintained on one side and 
extension on the other. 

In hemiplegia with rigidity рш tonus is usually distributed to 
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the flexors of the- upper extremity, hence the well-known flexed, 
pronated attitude of the limb. Extensor rigidity is the rule in the 
lower extremity, but sometimes cases are observed, as in a patient. 
recently under investigation in which the tonic contraction of the flexor 
predominatéd and the resting posture of the limb was one of flexion. 
Although in No. 2 the upper limbs were sometimes found to be 
flexed at the elbow from alteration in the distribution .of the plastic 
' tonus, the rigidity in the lower extremities was invariably extensor. 
The flexors compared to the extensors were mildly relaxed ; even when 
the limb was placed passively in a position of flexion the degree of 
tonic contraction in the flexors did not perceptibly increase. With- 
the Knee in various degrees of flexion experiments were carried out 
to determine whether the lengthening and shortening reactions could 
be obtained in the hamstrings. The tests employed showed that they 
were imperfectly developed and with some of the tests negative results 
` were obtained. For example, when the hamstring tendons were tapped 
with the lower limb flexed and lying on its outer aspect on the bed 
a brisk contraction of the muscle was evoked, but the relaxation phase 
' was rapid and even with strong stimulation the leg was not displaced. 
The elicitation of rhythmic hamstring jerks by repeated taps on the 
tendons -at brief intervals yielded another interesting result: each 
twitch of the hamstrings appeared to be associated with simultaneous 
and temporary diminution in the tonic contraction of their opponent 
muscles, the extensors of the knees. This was the only additional 
phenomenon to Ре observed with the first three or four contractions. 
Corresponding in time to the relaxation phase-of each subsequent 
hamstrings jerk, however, and following immediately on the stage of mild 
inhibition of the extensors, these muscles were felt to contract suddenly 
` anda quick, short extension movement at the knee occurred. Repeated 
stimulation caused the leg to extend more and more in short steps. 
This paradoxical phenomenon in which the knee is seen to be 
extended as the result of repeated taps on the hamstring tendon 
demonstrates the absencé of an effective shortening reaction in the 
hamstring muscle. But this alone would not explain the steplike 
extension of the knee. It really depends on the operation of post-. 
inhibitory exaltation, the knowledge of which we owe to Sherrington. 
"The depression of one reflex which accompanies the excitation of its 
antagonist is followed by а phase of. increased excitability. Applying 
this law to our experiment we find that after each of the first three or 
four taps, on the ‘hamstring tendon and the accompanying relaxation of 
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the vasto-crureus the only phenomenon to be observed is the re-establish- 
ment of tone in that muscle. During this time, however, the excita- 
bility of the extensor.reflex arc had become exalted so that ultimately 
the re-establishment of extensor tone was in itself a sufficient stimulus 
to evoke an active shortening reaction of the muscle which was repeated 
after each subsequent hamstring jerk. Under conditions in which tonic 
contraction is approximately equally developed in the muscles innervated 
by: antagonistic reflexes this process tends to provoke alternating 
reactions of opposite phase. For example, so long as stimulation is 
appropriate, reflex extension will be the inevitable consequence of reflex 
flexion and vice versa, as in the “ mark-time” reflex of the spinal dog 
and spinal’ man. Successive induction ([8] p. 213) promotes biphasic 
activity. But where tonus is developed in one group of muscles in 
excess over the corresponding antagonists, as in the states of disordered 
"function under consideration, rhythmic sequence of action in opposing 
muscles is damped down or prevented -by the predominant rigidity 
which overcomes the effect of post-inhibitory exaltation on the reflex 
ares controlling the less tonic muscle-groups. 

On analysis the resemblance between the rigidity in quadriplegia in 
extension and the maintained tonic contraction in the decerebrate 
animal preparation suggests that the two states are closely related. 
Attention has already been drawn by Walshe ([17] p. 6) to the 
similarities between the spasticity of hemiplegia and of decerebrate 
rigidity, and our observations in general support his conclusions. 

With Sherrington we believe that tonus is & postural reaction and 
ihat,in the states under consideration, it is reflex in origin, the stimulus 
being provided by tension acting on .receptors within the muscles 
themselves and their tendons. The natural stimulus which evokes 
the reaction in the trunk and limbs, and so determines the resting 
attitude of the body, is provided by the tension exerted by gravity, and 
Sherrington has interpreted the decerebrate rigidity found in extensor 
or anti-gravity muscles in animals as reflex standing. 

Is it reasonable to offer such an explanation for the rigidity or 
postural contraction in the upper limbs? Man is bipedal and the 
: freedom of the upper limbs from the bondage of locomotion allows them 
to be used as organs for exploration and prehension. The grasping and 
conveyance of food. to the mouth is probably the elementary function of 
the human hand and arm. A moment’s reflection, however, will show 
that the upper extremities, although they have ceased to take any direct 
part in locomotory acts, are still bound to the lower extremities in the 
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automatic movements of walking and running. In these movements 
the arms may be brought into action in two different ways; they may 
perform rhythmic biphasic movements or they may assume postures. 
The former mode of activity is observed in walking and the latter in 
running. Thus, when a man is walking quickly along the street he 
involuntarily swings his arms, the timing, vigour and amplitude of the 
movements corresponding closely to those of thé lower limbs. The arms 
simultaneously move in opposite directions and the direction of move- 
ment of the four limbs at any moment is such that there is a diagonal 
correspondence. Thus the right upper and left lower limbs are coupled 
together and swing forwards or backwards at the same time, flexion of 
one arm occurring with extension of the leg on the same side. The 
movements of the limbs in walking are therefore the same in man as in 
four-footed mammals, those of the upper limbs being indirectly locomo- 
tory in the former and directly in the latter. ' 

In the act of running, however, postures rather than movements 
tend to be adopted in the upper limbs. The attitude most commonly 
observed in a runner going at full pace is one of adduction at the 
shoulders, flexion at the elbows, flexion of the fingers and extension of 
the wrists. АП the muscles of the upper limbs are in contraction and 
although to-and-fro movements at the shoulders in diagonal correspon- 
dence with the movements of the lower пива are observed they are 
usually small. 

Let us consider these observations on locomotion in the normal 
individual in relation with the phenomena we have been investigating. 
The flexed attitude of the upper limb in relation with the extended 
lower limb in hemiplegia might be held to have a locomotory significance. 
This-may in part be true, and certainly many hemiplegic patients when 
walking automatically swing their paralysed arms as they move forward 
their unaffected lower limbs. But taking into consideration the fact 
that the hemiplegic patient as а rule recovers the power of voluntary 
flexion better than that of extension of his upper limb, the rigidity of 
the flexors is probably more intimately connected with the prehensile 
function of the limb. 

_ It is otherwise, however, with the upper limbs in quadriplegia in 
extension. They are kept extended at the elbows and if voluntary 
power is not abolished extension is stronger than flexion. Let us briefly 
review again the general attitude of the patient in standing. His lower 
limbs are straight with his feet apart; he stoops a little forward from 
slight flexion of his spine and hips; his upper limbs hang down a little 
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in front of his trunk, extended at the elbows, the forearms somewhat 
pronated, the wrists slightly flexed; his fingers are .extended at the 
metacarpo-phalangeal joints and otherwise flexed. The whole attitude 
. in its general features is not unlike the position often adopted by the 
: higher apes in standing and suggests in grotesque fashion a static 
posture in a stage of human development when the upper limbs may 
have subserved more direct locomotory functions. 

Disease or injury of the nervous system results in disturbance of 
function. There is destruction of activities which in the history of the 
. individual are recently acquired, while those which are older, more 

organized and automatic are preserved in ап altered form. These 
positive manifestations of disintegrated nervous activity are unusual and 
abnormal in so far as (1) they are excessive developments of normal 
phenomena released from the physiological control to which they have 
been subjected by the intact nervous system; and (2) they present 
features bearing less resemblance to normal reactions in proportion to 


the extent to which the functional activities of the part have been · | 


acquired. Thus the flexion reflex seen in paraplegia is little more than 
a crude exaggeration of a normal reaction, especially in infants, belonging 
. to a limb which is largely automatic in its function. Оп the other hand, 
the reflex activities displayed by the upper limb in quadriplegic patients 
may diverge widely and strangely from those usually associated with a 
part which has been educated up to an infinite variety of specialized 
movements. 2 

The reactions laid bare by injury or disease cannot be looked upon 
as exact reproductions of modes of behaviour evoked under similar con- 
‘ditions at an earlier stage of human development. In spite of their 
modifications, however, they still bear traces of their ancestry, and also 
of their relationship with analogous reactions in the intact individual. 


\ 


(By Significance of “ Associated Movements.” 


Much has been written on the subject of associated movements, par- 
ticularly by French clinicians; but, as Walshe ([17] p. 16) has pointed 
out, little attempt has been made to investigate them in the light of 
modern physiological knowledge. We have studied these reactions in 
a number of hemiplegic and quadriplegic patients, and believe that our 
observations justify certain conclusions which seem to throw some 
light into the obscurity surrounding this subject. 

Since reflex reactions of widely different kinds have been erroneously 
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included inder the heading ‘ © associated eine” we will define 
our use ofthe term in order that there may be as little misunderstand 
ing as possible. ‘Associated movements” are automatic activities 


which fix or alter the posture of a part or parts when some other portion, 


of the body is brought into action by either voluntary effort or artificial 
reflex stimulation. Closely related with such reactions are the muscular 


activities which occur in the limbs and trunk. in association with such 
{ 


automatic. acts as yawning, “stretching,” and coughing. 


The term was originally employed for movements of the paralysed , 


limbs in spastic hemiplegia, which occur with strong voluntary mové- 
ments of the unaffected limbs. But our observations 'оп reactions of 


this kind show that the response is поё, ав a rule, confined to the. 


paralysed half of the body, but also involves the non-paralysed parts. 


Thus when No. 5, an example of right hemiplegia, attempted volun- 


tarily to bend his left elbow against resistance the following move- 


ments took place in his trunk and other-three limbs. His right: 


(paralysed) upper limb became adducted and rotated inwards at the 


shoulder, incompletely extended at the elbow and fully at the wrist and. 


the hand clenched. His trunk became slightly extended from contrac- 
tion of the muscles’on both sides, and. his lower limbs stretched out. 

A general reaction could be obtained: not only when he tried to 
move one of his non-paralysed limbs against resistance, but also when 
he шайб strong voluntary efforts with his paretic upper or lower limb 
on the-right side. For example, with voluntary flexion of his right 
elbow, the general movement evoked consisted of slight extension of 
his trunk, flexion of his left elbow and bilateral extension of his lower 
limbs. Again, voluntary extension of his right (paralysed) lower.limb. 

evoked extension-of his other three limbs. 
| But movement is not the main part of associated reactions of this: 
kind, in spite of: fhe prominent place given to it by the majority of 
previous observers.. The most striking feature of an automatic and 
associated response evoked by strong voluntary effort to displace a: part 


of the body, whether paretic or not, is increased contraction of antag- · 


onistic pairs of muscle-groups in the trunk and other three limbs, with 
the result that strong fixation rather than movement of parts is 
obtained. Sometimes, but by по means invariably, one group of 
muscles acting on a joint are contracted more strongly than the 


opponents, so that movement at this joint results. But such movement: 


is slow, and its appearance seems to be determined by the оп of 
the voluntary effort made by the partent. | 


E 
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. ‘Undoubtedly the earliest and most constant response is increased 
contraction of all the muscles acting on а joint. This appears first in 
the muscles of the trunk and of the proximal joints of the limbs, and 
progressively spreads towards the fingers and toes with increase in the 
intensity of the exciting stimulus. The associated reaction is always 
strongest and involves most muscles in the paralysed limbs, and in them 
appears earlier than in the healthy upper and lower limbs. "Thus when 
No. 5 tried to bend his left (unaffected) lower limb against resistance 
the associated reaction was observed first in his right lower limb and 
trunk, then in his right upper limb, and lastly in his left upper 
extremity. Also, in his trunk and paralysed limbs all the muscles were 
involved, and movements at different joints were observed at в stage in 
the reaction when in his left upper limb the muscles of the shoulder 
only showed increased contraction without actual displacement at this 
joint. . 

Associated reactions of the same order as those we have just 
described in hemiplegia’: were evoked in the trunk and three limbs in 
patients with quadriplegia when strong voluntary movements were 
attempted in the fourth limb against resistance. In No. 2 voluntary 
power was more impaired in the limbs of the right than those of the 
left side. Resisted voluntary flexion of the left elbow excited the 
following response: In the right upper limb there was elevation 
adduction and backward movement at the shoulder with slight flexion 
at the elbow:and wrist; in the trunk the homolateral rectus abdominalis 
and contralateral erector spins were brought into action more than 
their antagonists, so that the trunk was rotated to the right ; the lower 
extremities were rigidly extended. - 

The reaction obtained when the patient attempted to extend his 
left elbow against resistance was ав follows : In the right upper limb 
adduction and-downward movement occurred at the shoulder, extension 
of the elbow, some pronation of the forearm and slight extension of the 
wrist; the trunk rotated to the left and Hie lower limbs became 
extended. at all joints. 

"Two further observations only will be quoted from our records of 
this patient's reactions. With strong voluntary flexion of his left knee 
his right. first flexed and then strongly extended with downward move- 
ment of the foot; his trank arched forwards with rotation to the left 
and his upper limbs rotated inwards and abducted slightly at the 
shoulders, and flexed at the elbows and wrists. 

Attempted voluntary extension of his: left knee against resistance 
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evoked a response in the trunk and opposite lower limb which was 
very similar to that just described, but in the upper limbs there was 
adduction with internal rotation at the shoulders, strong extension 
at the elbows, pronation of the forearms and slight flexion of the 
wrists. 

But, as in hemiplegia, these movements, which under similar condi- 
tions varied to some extent even in the same patient in different 
experiments, did not form the earliest part of the response nor did they 
necessarily appear, especially in mild reactions. ‘They really were an 
index of the intensity of the exciting stimulus, namely the voluntary 
effort of the patient to move one of his limbs. In a reaction the 
sequence of events was not difficult to follow. If, for example, the 
patient - squeezed an object in his hand all the muscles playing on 
the wrist, elbow and shoulder were automatically brought into action, 
although with the exception of extension of the wrist no actual move- 
ment need occur at these joints. As he increased his efforts to squeeze 
the object in his hand the associated response spread from the limb 
directly stimulated and became manifest first in increased contraction 
in all the muscles of the trunk and proximal joints of his limbs. The 
other.upper limb and the lower limb on the stimulated side were 
involved before the crossed lower limb. Still stronger stimulation 
resulted in spread of the muscular field involved towards the peripheral 
parts of the limbs and in movements at some of the joints due to 
greater contraction of some groups of muscles over their antagonists. 

Reactions similar to these described above can also be excited by 
strong protective reflex movements in an upper or lower limb in both 
quadriplegia and hemiplegia. Thusin No. 2, when the extension reflex 
was excited in the left upper extremity, the right upper limb became 
more adducied at the shoulder and slightly flexed at the elbow; all the 
muscles of the trunk, but especially those of the left side, became con- 
tracted and strong extension occurred in the lower extremities, in the 
left more than the right. 

Again with powerful reflex flexion of the left lower limb there 
occurred extension of the right lower limb at all joints, strong contrac- 
tion of the erectores spins and to a less extent of the rectus abdominalis 
and oblique muscles on both sides and bilateral contraction of the 
abductors and adductors of the shoulder and flexors and extensors of 
the elbow. 

In No. 5, an example of right hemiplegia, the following associated 
reactions occurred with strong reflex flexion of the right.upper limb: 
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бойро of all the muscles acting on the left shoulder and elbow 
joints, although no movement actually took place; all muscles of the 
trunk and of. both lower limbs were brought into action, more power- 
fully on the right than the left side. Owing to the predominant 
contraction of the extensor muscles in the lower HE these 
limbs remained in an extended position. 

- With reflex flexion of the right lower limb there occurred contrac- 
tion of all the. muscles of the left lower limb, which remained firmly 
extended; in the right upper limb contraction of all muscles on both 
sides of the trunk, strong contraction of abductors and adductors of 
the shoulder, of the flexors and extensors of the elbow, with a slow and 
incomplete movement of extension, of the flexors and extensors of the 
wrist with extension, of this joint and of the flexors of the fingers so 
that the hand became clenched; in the left upper limb contraction of 
` all the muscles of the shoulder and elbow-jointa without any movement. 
. of the limb. 

. The remote reflex phenomena we ‘have been describing, whether in 
association with powerful voluntary contractions against resistance or 
with strong protective reflex reactions in a limb, possess certain points 
in common. In the first place, the outstanding feature of the wide- 
spread response was increased tone in prime movers and antagonists 
in regions of the body remote from the stimulated limb. That is to 
say, although some of the limb segments and the trunk were often 
displaced the movement was due not to unopposed contraction of certain 
muscles but rather to an excess of contraction in some muscle-groups 
‘over that of (heir corresponding opponents. Whether a movement 
occurred or not accession of tone in all the muscles acting on а joint. 
formed the earliest and most constant part of the associated reaction. 

Secondly, it was necessary that the protective reflex response or 
the voluntary muscular effort should be vigorous before actual move- 
ments were obtained in the other limbs or trunk, and any displace- 
ment was usually of small extent and slow in its development. 

Thirdly, these associated reactions invariably appeared earlier, 
spread farther and were more intense їп paralysed parts, although 
as the result of a strong stimulus they involved healthy regions of the 
body as well. 

Lastly, the muscles first innervated in a limb were. those which 
- played on the proximal joints, while any displacement was generally 
more noticeable in the peripheral segments, 

To sum up, our observations seem to show that the phenomena 
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usually spoken of as associated movements are in reality widespread 
postural reactions. This conclusion has also been arrived аё by 
Walshe ([17] p. 19), but the prominent feature of these reactions, 
namely tonic innervation of opposing muscle-groups, has hitherto 
escaped attention. When one functional mustle-group acting on a 
joint is innervated more strongly than its antagonists movement of the 
limb results but it is leisurely and rarely extensive. Movement, how- 
ever, does not occur and а fixed posture is maintained when the antago- 
nistic’ muscles are almost equally contracted and balance one another 
in their action. The muscles mainly involved are those of the trank 
and the proximal segments of the limbs. .'l'hese reactions resemble: in 
their main characteristics those observed in the normal individual when 
strong voluntary efforts are made to move а limb against в heavy load. 
‘Under such circumstances the body is automatically adjusted for static 
purposes in such a way that the voluntary effort is directed towards 
one part of the body under the most favourable mechanical conditions, 
whilst at the same time equilibrium is maintained. 


CHAPTER VI.—DisTRIBUTION OF INNERVATION AND INHIBITION IN 
REFLEX MOVkMENTS AND POSTURAL REACTIONS. 


' Beevor's investigations ([2] p. 54) on muscular action have 
demonstrated that in regard to their behaviour in a voluntary move- 
ment of & limb muscles can be classified in two groups: (1) those 
Which аге contracted and (2) those which are relaxed. О? the muscles 
which show incre&sed contraction some perform the function of prime 
ihovers. and are directly concerned in bringing about the required 
movement at a joint while the others carry out subsidiary functions 
as fixators and synergists. Muscular relaxation is observed in those ` 
muscles only which by their action would prevent the desired move- 
ment from taking- place ; in other words they are the antagonists of 
the prime movers. Thus, when voluntary flexion of the elbow is 
carried out against resistance, all the muscles acting on the shoulder 
and wrist joints may be thrown into contraction as fixators or synergists 
while the inner and outer heads of triceps, the true antagonists of biceps 
and supinator longus, are relaxed. ; 

- When the movement of flexion is confined to the elbow-joint the 
state of the long head of triceps is of considerable interest. Its 
behaviour is opposed to that of the humeral parts of the muscle . 
and it contracts as а fixator of the shoulder. Thus, triceps, which is 
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generally considered as an anatomical unit with one function, namely 
extension of the elbow, is composed of two parts which may subserve 
different functions in a flexor movement of the limb. Both parts have 
a common insertion into the olecranon process and may act together 
as extensors of the elbow. But the humeral portion is the only pure 
extensor, and as the true antagonist of supinator longus and the short 
head of biceps is relaxed in flexion of this joint. The long or scapular 
portion of triceps crosses the shoulder as well as the elbow-joints, and 
in voluntary flexion of the elbow may be reflexly brought into action, 
not as an extensor of this joint, but with long head of biceps to fix 
the shoulder and so facilitate the short head of biceps in flexing the 
elbow. 

Several other limb muscles, such as biceps sud rectus femoris, 
belong to the same group as triceps, in that each is physiologically 
speaking made up of two muscles with а common insertion but 
different origins and under certain circumstancés subserving different 
functions. One part acts on one joint only, the other acting on two, 
and while both may be contracted or relaxed together under other 
conditions theró may be simultaneous innervation of one and inhibi- 
tion of the other. Ignorance of this fact has led certain observers 
to deny the occurrence of muscular relaxation in reflex movements 

([14] p. 154). А г 

In voluntary movements of the paretic limbs in à айтуга and 
hemiplegia the innervation of muscles directly or indirectly concerned 
obeys the’ same laws as those obtaining in voluntary movements in 
healthy individuals. With increased contraction of prime movers, 
synergists and fixators there is relaxation of pure antagonists. For 
example, with voluntary abduction of the arm at the shoulder against 
resistance the pectorals, which in the resting posture are strongly 
contracted, undergo relaxation. 

. The motor taxis in reflex movements of the limbs in decerebrate 
and spinal mammalian preparations has been analysed by Sherrington 
[8], who has brought to light most of the known physiological laws of 
motor innervation. In a movement such as reflex flexion of the fore 
or hind limb certain muscles become contracted as prime movers, 

synergists, and fixators, while others, the true antagonists, such as 
vasto-crureus, are relaxed. The muscles of. the first group show 
concurrent innervation, and those of the second group reciprocal 
inhibition. Further, the degree of contraction in the fixators and 
synergists, and of relaxation in the antagonists, is determined by 
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and proportionate to the amount of innervation of the prime 
movers. 

Our investigations on the examples of spastic quadriplegia and 
hemiplegia quoted in this paper seem to show that reciprocal inner- - 
vation of antagonistic muscles is present in some of the reflex move- 
ments examined. For example, when the flexion reflex of the lower 
limb is excited by appropriate stimulation, vastus internus, which with 
the limb at rest is in strong tonic contraction, becomes relaxed. The 
tightening of the patellar tendon that invariably occurs is due to the 
action of the long head of rectus femoris which is employed in the 
reflex as a flexor of the hip. Sometimes the muscles of the calf, 
contract, although less strongly, than the dorsiflexors of’ the ankle; 
but it should be remembered that the only pure extensor of the ankle, 
namely soleus, is covered over by gastrocnemius, which, by its attach- 
ment to the femur, may act under certain circumstances as a flexor at 
this joint. | 

In the flexion reflex of the upper limb in hemiplegia the tone of at 
least some of the antagonists is diminished. ‘The movement at the 
proximal joints consists of abduction with external rotation of the 
shoulder and flexion of the elbow. The pectorals thus act as opponents, 
and since they can readily be'palpated, and are in the resting posture 
of the limb strongly contracted, it is easy to determine that relaxation 
occurs. After carrying out many investigations in different patients 
on the state of triceps during a flexor reaction of the upper limb, we 
arrived at the conclusion that it sometimes became relaxed and at other . 
times its‘ tone seemed to increase. So far as it could be ascertained, 
the behaviour of the muscle depended upon whether or not movement 
occurred at the elbow and shoulder. If biceps and supinator longus 
were brought strongly into action without consequent displacement of 
the elbow, and if the shoulder remained fixed, then triceps, іп part at 
least, was also innervated. But with strong flexion of the elbow the 
humeral portion of triceps seemed to relax. It was difficult to be 
certain what occurred in the extensors of the wrist and fingers when 
flexion was evoked by scratching the palm of the hand. 

Reciprocal relaxation of antagonists to the prime movers could also 
be demonstrated in the reflex response with flexion of the elbow in 
Nos. 2 and 4, examples, of quadriplegia. 

So far, then, it may be said that in those reflex movements which 
flex or fold up the upper or lower limb in quadriplegia or hemiplegia, 
those movements which can be evoked from the periphery of the 
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‘corresponding limb, there "is 'coneurrent inmervation of gynergiste, 
fixators and prime movers and reciprocal inhibition of at least some 
antagonists. The motor-taxis evident' in these reactions, therefore, 
corresponds to that in voluntary movements against resistance and in 
. reflex flexion of the fore апа hind limbs in decerebrate and spinal 


- animals. 


When we come to analyse the distribution of innervation which 
occurs during the extension reflex of the upper limb in quadriplegia, we 
are at once faced with the difficulty of ascertaining what takes place in 
all the muscles antagonistic to the prime movers. | 

It will be recollected that in the cases of quadriplegia (Nos. 1, 2, 
and 3) the upper limb presented general spasticity, which was more 
marked in those muscles determining the resting posture, consisting of 
adduction and internal rotation at the shoulder, extension. at the elbow, 
pronation of the forearm, slight flexion of the wrist and of the fingers 
at the interphalangeal joints. This resting attitude was accentuated 
during the extension reflex with the addition of strong retraction at the 
shoulder and hyperextension of the fingers.: While it was impossible 
to be certain whether muscles antagonistic to the prime movers were 
actively contracted or not during the development of, the movement, it 
_ was comparatively easy to ascertain their condition during the main- 
tenance of the posture produced by the reflex. For example, there was 
no doubt that deltoid, spinati, and latissimus dorsi were strongly 
contracted as well as pectorals, and that.the tone of biceps increased 
as well as that of triceps. More difficulty was experienced in deter- 
mining whether the extensors of the wrist were in a state of tonic 
‘contraction owing to the obvious activity of the extensors of the 
fingers. - , 

‚ There are similar obstacles to precise observation with ordinary 
_ clinical methods on the state of certain muscles of the lower limb when 
its extension reflex is excited, but it is justifiable to draw attention to 
the resemblance presented by the latter to the extension reflex of the 
upper limb. In both; cases stimulation of the reflex results in accentua- 
‘tion of the already extended attitude of the limb. Although it is not 
justifiable to state that no muscles undergo relaxation it is certain that 
the majority of the muscles accessible to palpation, whether fixators 
or antagonists, are concurrently innervated. The effect of the reflex is 
in fact more in the nature of the assumption of a posture than of & 
movement comparable to the withdrawal of the limb brought about by 
‚ the flexor reflexes. ў i 
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It should also be noticed that the focus of the receptive field for the 
extension reflex in both the üpper and lower extremities is found at 
the base of the limb. 

Concurrent innervation of antagonistic muscles is perhaps most 
easily demonstrated in the remote postural reactions which are fre- 
quently associated with either voluntary movement against resistance 
or a strong reflex response in a limb. These reactions have been 
described in detail in the preceding chapter, and stress has been laid, on 
certain characteristic features observed in them. One of the most 
noticeable and constant was the, simultaneous increase of tone in all 
the muscles acting on any joint involved in the reaction, irrespective.of 
the tonic state of the muscles at rest. 

Sometimes the innervation was apparently almost balanced and 
the joint was more or less fixed; at other times, and more commonly 
in some joints than in others, and depending also upon the strength of 
the response in the limb directly stimulated, innervation was unequal 
and displacement occurred from stronger contraction of some muscles 
than of others. Usually the displacement was slow and did not alter in 
direction with increase of intensity of the exciting stimulus. But occa- 
sionally reversal of movement was noticed. Thus in No. 2, an example 
of quadriplegia, with increasing voluntary effort to bend the left knee 
against resistance, slight flexion of the right lower limb usually appeared. 
early but was later replaced by extension at all jointe. f 

An interesting example of a similar condition is provided by the 
coarse tremor of the hand that was frequently observed in associated 
postural reactions in the upper limb in quadriplegia and also in the 
paralysed upper limb in hemiplegia. The posture of the wrist with 
the upper limb at rest in both cases was slight flexion due to` pre- 
ponderance of tone in the flexor muscles. But in an associated reaction 
evoked by either voluntary or reflex movement of another limb fhe ` 
distribution of tonus was changed. Contraction in both muscle groups 
increased, but the accession of tone was greater in the extensors than in 
the flexors, so that the posture of the wrist gradually changed from one 
of flexion toward one of extension. A point in the reaction was reached 
when the slow extension of the wrist was replaced by a coarse tremor, 
flexion.alternating with extension. In the case of the paralysed upper 
limb in hemiplegia if the associated postural reaction included extension . 
at the elbow and supination of the forearm tremor of these parts was also 
liable to occur at a certain stage in the response. It could, however, be 
made to disappear by either diminishing or increasing the intensity of © 
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the reaction, which had the effect of allowing the coniraction of the 
„flexors of the wrist and elbow and the pronators of the forearm to be 
greater or less than their corresponding antagonists. As will become 
evident, this is & point of some importance in the interpretation of the 
physiological significance of tHe tremor. 

The probable explanation of this biphasic reaction is found by refer- 
ring to Sherrington's investigations on rhythmic reflexes of the lower 
limbs in decerebrate preparations with extensor rigidity ([13] p. 96). 
His experiment was as follows: Faradic stimulation of either peroneal 
nerve evoked flexion of the limb.and extension of the other lower limb, 
- the antagonists in both cases being reciprocally relaxed. When, how- 
ever, both nerves were simultaneously excited with faradic stimuli of 
approximately the same strength relaxation of antagonists disappeared 
and opposing muscle groups of both knees became contracted. Along 
with this change from relaxation to contraction in the antagonists the 
degree of contraction of either the flexor on the stimulated side or the 
extensor on the opposite side was found to be less than when one peroneal 
nerve only waa stimulated. Не was able: to show that the innervation 
of each muscle group under bilateral stimulation was equivalent to the 
algebraical summation of the two opposing influences. Thus for 
example the flexor of the right knee was strongly contracted when 
stimulated through the right peroneal nerve only, but the degree of this 
contraction was diminished when the left nerve was simultaneously 
excited, the effect of which as regards the muscle was relaxation. To 
use Sherrington’s term, opposing muscles were under the influence of 
“ double reciprocal innervation.” ([18] p. 94]). 

By varying the relative strength of bilateral stimuli Sherrington 
obtained differing results. When. stimulation on both sides was 
so arranged that the innervation of opposing muscles was equal 
rhythmic alternating movements in opposite phase usually developed. 
Variations in the strength of the opposing stimuli led to the mainte- 
nance of different attitudes of the limbs with contraction of all the 
muscles. ` 

Considered in the light of these experimental results, it is likely 
that the rhythmic alternating movements of the hand, forearm and 
élbow which were observed as part of associated postural reactions 
in the upper limbs in some of our patients, was a manifestation of 
the action of two equal but antagonistic forces acting alternately. 
The stimulus which under this condition started and kept going 
these biphasic movements was the weight of the segment of the limb 
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itself, for they tended to appear only when the limb was unsupported. 
‘In the muscles of those joints at which displacement occurred in one 
direction only, concurrent innervation was HUIUS in antagonists and 
prime movers. 

In our opinion the НА of double reciprocal innervation is also 
the physiological explanation of the tonic state of muscles at rest. In 
both spastic quadriplegia and hemiplegia all the muscles of the large 
joints accessible to inspection and palpation show hypertonicity, but 
tonus is developed in excess in some more than in others, hence the 
prevailing attitudes of the limbs and -trunk at rest. Here again there 
is concurrent but unequal innervation of opposing muscles at different 
joints. 

To sum up our conclusions, observations made by inspection and 
palpation of muscles upon the distribution of innervation in spastic 
hemiplegia and quadriplegia appear to show that in voluntary move- 
ments of healthy and paretic limbs and in reflex flexion movements 
of the upper and lower imbs there is innervation of prime movers, 
synergists and fixators and reciprocal relaxation of antagonists. 

But in associated postural reactions, of the trunk and paralysed or 
healthy limbs, tonic postures of the body at rest and probably reflex 
extension reactions of the upper and lower limbs evoked by stimulation 
of the axilla or groin, all muscles involved show increased contraction 
and are under the influence of concurrent innervation. These reactions 
result from unequal innervation of opposing muscle-groups; when this 
inequality disappears and innervation is balanced, rhythmic movements 
due to alternating contraction and relaxation of opposing muscles mey 
appear. 


GENERAL SUMMARY. 


In many cases of quadriplegia and hemiplegia reflex movements of 
the upper limbs can be elicited analogous to those which are known 
to be present in the lower limbs in cases of paraplegia. 

In all the cases of hemiplegia recorded in this paper, with one 
exception, а flexion reflex of the upper limb was obtained (p. 434). 

In all the cases of quadriplegia and in one case of hemiplegia an 
extension reflex of the upper limb was obtained. In two cases of 
quadriplegia it was possible, in addition, to evoke a flexion reflex of 
the upper limb (p. 434). i 

A flexion reflex of the upper limb usually comprises movements of 
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abduction and external rotation at the shoulder, of flexion at the elbow, 
wrist and finger joints. Its receptive field includes the palmar aspect 
of the hand and fingers, the inner side of the forearm and arm, the 
walls of the axilla and the upper part of the chest. The focus of the 
receptive field lies in the palm of the hand (p. 434). Appropriate stimuli 
are of в potentially painful nature, such as scratches or pinches. The 
- response was uniphasic in: hemiplegia, and biphasic in one example 
of quadriplegia (p. 435). f . 

Àn extension reflex of the upper limb comprises movements of 
elevation, retraction, adduction and internal rotation at the shoulder, 
extension at the elbow, pronation of the forearm, flexion at the wrist 
and hyperextension and adduction of the fingers and thumb (figs. 2 
and 8). The receptive field is co-extensive with that of the flexion 
reflex but its focus lies in the axillary walls (p. 489). The appropriate 
stimuli are similar to those of the flexion reflex (p. 428). 

The spasticity of patients with quadriplegia in extension and hemi- 
plegia presents close analogies with that of the decerebrate anthropoids 
described by Sherrington (p. 450). 

The so-called “associated movements” are postural reactions; they 
were found in all the cases of quadriplegia and hemiplegia under con- 
sideration accompanying strong reflex and voluntary movements (p. 436). 

In all the cases of quadriplegia and hemiplegia we have described 
voluntary movements and flexion reflexes of the upper and lower limbs 
showed the phenomenon of reciprocal inhibition of antagonists. Con- 
current innervation is a feature of all postural reactions of the trunk 
and limbs, whether at rest or secondary to strong reflex and voluntary 
movements, and probably of the extension reflexes of the upper and 
lower limbs (p. 468). ' . 

Р APPENDIX. 

“Case 2.—A. А., aged 29. Following an attack of "influenzal meningitis " 
at the age of 1 year and 9 months the' patient is said to have been weak in 
both lower limbs and to be troubled with involuntary movements of his head. 

When 6 years old he was able to walk to school, a distance of. half a mile 
without assistance, but he was unable to ran. His progress at school was up 
‘to the average standard, for his age. 

He left school at 15 and went to help his brother, who carried on a grocer's 
business, and, although walking was difficult for him, he canvassed the houses 

.in the neighbourhood for orders. After a year he gave up this employment 
to enter Beck’s Optical Works in Kentish Town. He was greatly handicapped, 
‚ however, by weakness and clumsiness of his movements and his tendency 
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to fall, and at the end'of two years his employers discharged hir., Since 1912 ` 
he has й006`по work and thinks he has got more helpless. 

Since 1919, when some of the tendons of his feet were divided, he has been 
mostly confined to bed. 

He came under our ЖҮ тҮ, in December, 1920. 

There is nothing worthy of note in his family history. 


- Summary of Паз Condition between December, 1920 and December, 1921. 


Не is moderately intelligent and is reconciled to his disability. He has 
never suffered from fits or convulsions ; speech and articulation are normal. 
In the right ear he hears the ticking of a watch at a distance of six inches, but 
he 18 completely deaf in his left ear. His visual fields are full and his fundi 
are normal. His left pupil is slightly larger than his right, but they are both 
central, regul&r'in outline and react well to light and on convergence. Ocular 
movements are full; there is no diplopia or strabismus, but nystagmoid move- 
ments are evoked by lateral fixation to either side. Sensibility to light touch 
and pin-prick appears to be relatively diminished on the right half of his face, 
except his nose. In other respects the functions of his cranial nerves are, 
normal. - 
Motion: voluntary power.—All movements at the different 8 can be 

carried out but they are decidedly weak. The left uprer limb is stronger than 
the right; in both backward movement and adduction at the shoulder, exten- 
sion at the elbow, pronation of the forearm and flexion at the wrist are stronger 
than the movements in the opposite directions. The thumb can be approximated 
to the tip of each finger, but its terminal phalanx is xept hyperextended and 
the movements are clumsy.- 

Extension of the trunk is stronger than flexion and he is unable to sit up 
in bed without assistance. . 

His right-lower limb is weaker than his left; in both the weakest move- 
ments are flexion and adduction'at the hip, flexion at the knee, and dorsi- 
flexion and eversion of the foot. 

The voluntary movements of his neck are not obviously impaired. 

Involuntary movements. —There are occasional slight flexor movements 

-of his lower limbs, more often on the right side. Involuntary movements of 
his. upper limbs, apart from the комо reactions about to be described, 
have not been observed. > 

‚Postural reactions associated with voluntary movements.— With voluntary 
flexion of his left elbow against resistance the following displacements were, 
observed: In the right upper limb adduction and backward movement at the 
shoulder and slight flexion at the elbow and wrist; in the trank rotation to 
the right; in’ the lower limbs bilateral extension with downward movement of 
the feet and toes. 

With resisted voluntary extension of the left elbow shere occurred downward 
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movement and adduction at the right shoulder, strong extension at the elbow, 
pronation of the forearm, and slight extension at the wrist; the trunk rotated 
slightly to the left and there was bilateral extension of the lower limbs. 

When the left lower limb was flexed against resistance, the movements in 
remote parts were slight flexion followed by extension of the right lower limb, 
rotation of the trunk to the left, and extension with adduction and inward 
rotation of both upper limbs. | 

Voluntary extension of the left lower limb against resistance evoked o 
general reaction which was approximately the same as that just described, 
In each of these reactions antagonistic muscles weré contracted. 

Gait.—With the aid of jointed mechanical supports for his lower limbs 
fitted to & spinal jacket, he was able to walk if helped to maintain his 
equilibrium. ў 

Tone.—All the muscles acting.on the large joints of the upper and lower 
limbs (except deltoid on the right side) and those of the trunk from the shoulder 
girdles downwards were spastic, but the right upper and lower limbs were 
more affected than those on the left side. Spasticity was developed in some 
muscle-groups more than in the corresponding antagonists. The more tonic 
muscles were the retractors, adductors, elevators and internal rotators of the 
shoulders, the extensors of the elbows, the pronators of the forearms, the 
' flexors of the wrists and the extensors of the trunk and lower limbs, including 
the calf muscles. The fingers and toes with the exception of the adductors 
of the thumbs were hypotonic. The general attitude of the body at rest was 
one of extension with internal rotation of the upper limbs. 

Sometimes after an upper limb had been placed in the position of flexion at 
the elbow biceps became more tonic than triceps. 

The tests employed in the investigation of spasticity and the results 
obtained are described in the text in Chapter V. 

Reflexes—The application of potentially painful stimuli to the palmar aspect 
ofthe fingers and hand, the inner and flexor aspects of the forearm or upper 
arm, the axillary walls or the upper part of the chest from the second to about 
the sixth ribs in front and behind, evoked a movement of the upper limb which 
was almost identical with that described in No. 1. The inner walls of the 
axilla were found to be the focus of the receptive field. Alteration in the 
situation of the stimulus within the receptive field had little effect in modifying 
the form of the response. By firmly pinching the tissues of the hypothenar 
eminence or of the forearm a quick movement of abduction at the shoulder and 
flexion at the elbow followed by abduction and extension could sometimes be 
obtained. Simultaneous stimulation on both sides elicited a bilateral biphasic 
response. i 

The abdominal reflexes were pregent, but diminished. 

Stimulation of the sole of the foot and of the leg below the knee evoked 
reflex flexion of the lower limb, including upward movement of the toes. The 
threshold value of stimulus was lowest in the sole of the foot. 
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' Extension at hip and knee and downward movement of the foot and toes 
followed appropriate stimulation of the thigh. The focus of the receptive field 
for the extension reflex of the lower limb was the upper part of the inner‘aspect 
of the thigh, the external genitalia and the perineum. When the nocuous 
stimulus applied to the thigh was intense, reflex flexion instead of reflex 
extension of the lower limbs was usually obtained. ' 
The tendon reflexes of the upper and lower limbs were very brisk and 
knee апа ankle clonus could be evoked. | 
' . Postural reaction associated with the extension reflex of the upper limb.— 
In the opposite upper limb, there usually occurred contraction of all the 
muscles of the shoulder and elbow joints with some кЧчрашоп at the shoulder 
and flexion at the elbow. 

The flexors and extensors of the trunk were brought into action but more 
on the side of the stimulated upper limb. 

The lower limbs remained rigidly extended at Wigs &nd knees, with some 
downward movement of the feet and toes. There was increased contraction of 
all the muscles, but the reaction was stronger in the ipsilateral lower limb. 

Postural reaction associated with the flexion reflex of the lower limb.— 
The associated response appeared first in the-opposite lower limb, and as in all 
reactions of this kind, antagonists, as well as prime movers and fixators, were 
brought into action. The limb remained extended at all joints. In the trunk 
there was strong contraction of the extensors, and to a less extent of the recti 
abdominales. The upper limbs .became more adducted and rotated inwards at 
the ‘shoulders, extended at the elbows and flexed at the wrists, with the fingers 
hyperextended; all the muscles at these joints, however, showed increased 
contraction. | 

Sensation.—The patient did not suffer from pain or other abnormal sensa- 
tions. Sensibility to light touch was impaired on both sides below the level 
of the third cervical root area; the defect was greatest in the area of distribu- 
tion of the fourth, fifth and. sixth cervical roots, but was nowhere complete. 
Sensibility to pain and to heat and cold was abolished on the left side (except 
over the buttock) below the third cervical root area, within which painful 
stimuli evoked an over-reaction. On the right side sensibility to these stimuli 
was less affected except on the outer aspect of fhe upper limb and on the upper 
part of the chest above the second rib. Postural sensibility was grossly 
affected in both upper limbs, but: the loss was less severe in the lower 
extremities. 

Bladder and rectum.—There was impaired voluntary оно over the 
bladder dnd rectum. ` 


` Vasomotor, sudorifie and nutritional changes. —The ВЫ was thin but, 


there was no localized wasting, except of deltoid on the right side, which failed 


to respond to faradic stimuli. Gross vasomotor and sudorific disturbances 


were nob observed. 


Subsequent history.— This patient was attacked with acute lobar pneu- 
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monia which proved fatal. The post-mortem examination òn January 5, 1922, 
showed incomplete, apparently traumatic, healed, transverse myelitis of the 
fourth and fifth cervical segments of the spinal cord. 


Dr. Hubert M. Turnbull furnished the following preliminary report 
of the autopsy for the purposes of this article :— 


There was а band of degeneration in the fourth cervical segment crossing 
dorsal to the canal, destroying the whole of posterior columns save two isolated 
` dorsal areas, and dipping ventrally for a short distance into each lateral column. 
In the upper and central thirds of the fifth cervical segment a cross section of 
cord rendered, trefoil by wedges of gelatinous gliosis passing inwards and 
ventralwards from region of posterior roots; the ventral third of the fifth 
cervical segment was split into some seven areas by strands of gelatinous 
' gliosis containing minute cavities. Secondary ascending degeneration was seen 
in the ventral portion of the column of Goll above the fourth cervical segment ; 
.descending degeneration in dorso-lateral tracts below the fifth cervical segment. 

Punetate h&morrhages were frequent in the centre of the posterior columns of 
the sixth thoracic segment. Dense adhesions between arachnoid and dura were 
present over the fourth and fifth cervical segments; considerable adhesion over 
the remaining cervical segments. Slight adhesion and conspicuous vascularity 
over the remainder of the inner surface of the dural theca. Conspicuous 
opaque, white thickening of the leptomeninges over the fifth and seventh 
thoracic segments. . No thickening оѓ: leptomeninges cf brain and brain-stem. 

Antero-posterior mobility between the bodies of third and fourth cervical 
vertebres was greater than in the remainder of neck, but there was no definite 
evidenee of previous -fracture-dislocation. Cavity of the left middle ear and 
mastoid cell narrowed by chronic osteitis. ~Perforation of left drum. Mass 
of wax in left external auditory meatus. Scoliosis with convexity to the right 
in.tHe mid-thoracic spine. Oonsiderable lordosis. Extreme lateral compression 
‚ of thorax (chicken-breast). Tapered fingers most conspicuous on the right 
hand. (Edema of the feet and legs. Wasting of the right thigh; great wasting 
of the left thigh. 


Case 8.—Gunner W. J., R.E.A., aged 29. On July 15, 1916, he was wounded 
by pieces of shell casing. Two small wounds were found to the left of the 
middle line behind at the junction of his neck and shoulder and а third on the 
outer side of his left arm. Consciousness was retained and he believed he had 
full control over his bladder and rectum, buf for а time his upper and lower 
limbs were completely paralysed.. Two hours after the injury his right upper 
апа lower limbs had begun to recover. 

He was eva&uated to England and on July 18 was admitted to King 
George's Hospital, London. 

-Oondition on admission: He was dull and heavy, answered quéstions slowly 
' and inacourately and obviously resented examination. His temperature and 
pulse rate were slightly raised and he complained of headache. 


480 ORIGINAL ARTICLES AND OLINICAL CASES 


The left pupil and palpebral fissure were smaller than those on the right side. 
There was complete paralysis of the left upper limb with the exception of slight 
contraction on voluntary effort of biceps and deltoid. In the right upper limb | 
voluntary extension and flexion of the wrist and fingers could be carried out 
feebly. 

Vóluntary contraction of the rectus abdominalis was observed on the right 
but not on the left side. ~ * 

All voluntary movements were present in the right lower limb and were 
fairly strong, but the left lower limb was completely paralysed. re 

There was complete analgesia to pin-pricks on the right side below the level 
corresponding to the sixth cervical segment and on the outer aspect of the left 
upper limb within the area supplied by the sixth cervical segment. Sensibility - 
to heat and cold was abolished on the right side within the analgesic zone. 
Recognition of éhanges in passive position was defectiva in the toes of the left 
foot only and in the right lower limb vibrations of a large tuning-fork (Ciss) 
were not appreciated. Sensibility to cotton wool was not impaired.  , 

The tendon reflexes in both the upper and in tha left lower limbs and 
the abdominal reflexes on both sides were abolished. The extensor form 2 
plantar response was evoked on either side. р 

The left lung was dull to percussion behind and in the axilla, vocal fremitus 
was absent and the breath sounds were feeble. The, patient was troubled 
with a cough and there was much expectoration. , 

It was reported after X-ray examination that a small fragment of metal had 
passed between the fifth and sixth cervical vertebre in the region of the 
lateral processes on the left side, the adjacent surfaces of the vertebrae were 
damaged. A second fragment had travelled between the sixth aud seventh 
cervical vertebrae. ` 

Operation performed by Lieut.-Colonel Armour on September 1, 1916.—The 
spinous processes of the injured vertebre were exposed. A piece of metal was 
found lying оп the top of the left lamina of the seventh cervical vertebra. The 
laminal arch of the fifth cervical vertebra was found to be damaged and а 
piece of bone had been driven on to the dura. The dura was adherent to 
the fifth and sixth cervical-vertebre and when the membrane was opened the 
cord was found to be adherent to it at this level. A small piece of metal was. 
lifted from, the cord on the pe side opposite the fifth cervical vertebra. 


% 


D 
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Summary of боза up to June 26, 1917. 


On September 12, 1916, the operation wound was. healed, and the area of 
sensory loss in the left upper limb had diminished and velint movement of 
the arm had increased. А 

On J January 29, 1917, he had full control over r his bladder and rectum. 

- On March 18, 1917, the patient began to have involuntary extensor Spasms 
of both upper limbs, which tended to appear ав, Һе dropped off to sleep. 
Voluntary power in his right upper limb was practically normal and had 
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improved in his left upper limb at the shoulder and elbow. His left hand when 
Ab rest was held in a position of flexion at the wrist, hyperextension at the 
metacarpo-phalangeal joints and flexion at the interphalangeal joints. 

It was found that when the skin in the right pectoral region was scratched 
a reflex movement was obtained in the left upper limb, consisting of extension 

' of the fingers, flexion of the wrist, and extension of the elbow. The reaction 
could be obtained by similar stimulation on the left side. When the stimulus 
was strong it evoked a flexor spasm in phe left leg in addition to the move- 
ments in the left upper limb. . 

On scratching the sole of the left foot there occurred reflex flexion of the 
left lower limb with upward movement of the foot and toes and extension of 
the right knee with upward movement of the foot and toes. On scratching 
the sole of the right foot reflex flexion of the right lower limb and extension 
of the left lower limb with downward movement of the foot and toes were 
obtained. | 

Later observations of the extension reflex of the left upper limb showed that 
the reaction included adduction and internal rotation of the shoulder and 
adduction of the thumb with, flexion of its terminal phalanx. There was also 
adduction of all the fingers. The receptive field of the reflex response, which 
was strictly confined to the left upper limb, was bilateral and included the 

~ palmar aspect of the fingers and hands, the flexor and inner aspects of the 

forearms, the inner aspects of the upper arms, the walls of the axille and the 
upper part of the chest in front and behind between the second and fifth ribs. 

Recovery of voluntary power continued and in May, 1917, he was able to 
flex and extend his fingers, thumb and wrist on the left side and to pronate and 
supinate his left forearm. Voluntary movements at the elbow and shoulder 
had improved. In the left lower limb all movements at hip and knee were 
good and he was able slightly to move his toes up and down, but movements 
at the ankle were absent. - 


Case 4.—A. B. О., aged 19. Jewel-case maker. Came under observation 
on February 14, 1921. 

Three years ago he suffered from an illness of three weeks duration and 
diagnosed as "influenza." When he began to get about he noticed weakness 
and stiffness of both lower limbs on the right more than the left side. The 
disability slowly increased, and a year later his left upper limb became affected 
in the same way. At this time he began to suffer from sharp stabbing pains 
in his lower limbs, chiefly. in the anterior aspects of the thighs and behind the 
knees. The pain was intermittent, and was aggravated by cold and wet 
weather -and by fatigue. There were also occasionally pricking pains in his 
fingers and arms, which were associated with involuntary abduction movements 
of his upper limbs, and any object that he happened to be holding in his 
hands at the time was thrown to the ground. 

During the past year his disability has been stationary. 

Previous history.—He had measles as a child, and pneumonia at the age 
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of seven. He was liable to attacks ot bronghitis each winter up to the age 
of fourteen years.' . 

His family history reyeals nothing of interest in connection with the oase. 


Summary of Condition at the Present Time. . i 

He is bright, ibtelligent, and gives a good account of himself: he sleeps 
well, and appears to.suffer little discomfort. Speech and articulation are 
normal. He has never suffered from fits or convulsions. Occasionally frontal 
headaches trouble him, but they are nevér associated with vomiting. Hearing 
and vision are good on both sides, and his discs and fundi are normal. Apart 
from nystagmoid movements on extreme lateral fixation of his eyes to the 
right or left the funotions of his cranial nerves are normal. 

Motion: voluntary power. —He is able to perform all voluntary movements 


with his trunk and limbs, but they are weak; his left upper limb is more' 


affected than his right.. 
In the upper limbs voluntary movements of extension are weaker than 
those of flexion, and the opposite is the case in the lower limbs. 


Involuntary movements.—Involuntary movements of extension-of his lower- 


limbs sometimes occur in the morning when he wakes. As previously 
mentioned, involuntary quick extension of an upper limb i ig liable to follow the 
presence of sharp, pricking: pains in the fingers and arm, to which he is 
sometimes liable. Knee-clonus, unilateral or bilateral, is frequently observed 
when the patient lies in Bedi ; if occurs particularly when the patient is excited 
for any reason. : i 

In the morning when he yawns on waking, his upper limbs become 
extended above his head, and this posture tends to persist for some time after 
the act of yawning has ceased. As part of this automatic act the trunk and 
lower limbs are rigidly extended. f 

Tone.—All the muscles of his, limbs, trunk and shoulder- girdle, including 
trapezius on both sides, are spastic.’ The degree of spasticity, however, is not 
. excessive, but ів, unequal in its distribution ; thus the lower limbs are more 
affected than the upper limbs, and the left more than the right upper limb. 


‚ The muscles of the shoulder-girdle are all affected equally, but the flexors , 


of the elbows, the pronators of the forearm, the flexcrs of the wrist, and the 
extensors of the trunk and lower limbs are more hypertonic than their 
corresponding opponents. а 

Nutrition.—The patient i is thin, but there i is no local wasting in any тай of 
Бе body. 


Gait.—He is able to walk stiffly without suppor; In walking his right 


knee is, as a rule, slightly bent, and he walks on the balls of the toes of his 
right foot. His left lower limb is rotated inwards. 
Reflexes.—All the tendon jerks in the upper and lower limbs are much 
increased, and are equal on the two sides. 1 : 
There is bilateral knee and ankle clonus. The clonus, when present in 
one lower limb, can be immediately arrested by evoking either a flexion refiex 
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in the game or opposite lower-limb. ` In the latter саве Ње flexion reflex is 
associated with increased tone in all the muscles of the crossed lower limb, but 
mostly i in the extensors. 

The abdominal reflexes are present in all segments, but are brisker on the 


‘right than on the left side. 


Reflex flexion of the lower limb can be evoked by stimulation of the sole of 


"the foot or of any part of the leg below the knee. The outer part of the sole 


` of the foot forms the focus of the receptive field for the reflex. Stimulation 


of Же thigh of mild intensity usually excites extension of the limb on the 
same side. The focus of the receptive field for the extension 1eflex lies in the 
region of the groin, perineum and external genitalia. . 

Both reflex flexion and reflex extension are accompanied by extension of 
the crossed lower limb with downward movement of the foot and toes, 
although tone in all the muscles of the limb is increased. ; 

Reactions evoked by stimulation of the upper limb or upper part of the 
trunk.—Gentle stimulation of the palm of, the hand, the inner aspect of the 
upper limb, the walls of the axilla or the upper part of the chest, in front or 


' behind, evokes the following reaction, which varies much in detail, according 


to the locality of the stimulus within the receptive field. The general response 
consisted of a quick movement of elevation, addtiction with external rotation 
at the shoulder, flexion at the elbow, and extension of the wrist and fingers. 


` There is usually а slight delay between the application of the stimulus and 


the appearance of the reaction and relaxation, after the primary movement 
has occurred, is relatively slow. The response is most easily excited by 
stimulation of the inner aspect of the upper arm and especially of the walls 
of the axilla. In this region a gentle moving contact with the tip of the finger, 
and sometimes a mere fouch, is sufficient to excite a reaction. - 

There is great adaptability in the form of the response to the locality of 


"the stimulus. Thus when the reaction is evoked from the palmar aspect of 


the hand or fingers, the main part of the reaction consists of extension of the 
fingers and hand, adduction of the thumb and flexion of the elbow. When 
the stimulus is applied near the elbow, abduction and internal rotation at the 
shoulder with flexion at the elbow are prominent. Extension at the elbow, 
however, is invariably obtained from stimulation of the skin behind this joint. 
When the stimulus is applied to the inner aspect of the upper arm or to the 
axilla, two main forms of response are obtained. Adduction and external 
rptation at the shoulder form the main part of the movement with stimulation 
of the front part of this region, and abduction and internal rotation when the 
point stimulated lies within the posterior part of this area. 

The outer aspect of the upper limb is also responsive but to & less extent 
than the inner ‘aspect. Scratching the skin over the deltoid, for example, 
evokes adduction, strong elevation and external rotation of the shoulder. 

Reactions of the upper limb on the same side are also evoked by stimulation 
of the trunk. Pinching the skin over the upper abdominal wall or lower ribs 
in front evokes & movement in which the trunk is bent towards the stimulated 
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side. When the point stimulated; however, is in the neighbourhood of the .. 
lower border of thé fold formed by pectoralis major, this lateral movement of ` 
the trunk tends to be accompanied by a response in the upper limb on the, ' 
same side consisting of adduction and external rotation at the shoulder, slight 
flexion at the elbow and extension of the wrist. When the stimulus is applied 
to the supraclavicular region the same reaction in the upper limb is obtained 
but elevation of the shoulder istprominent. Stimulation of the skin over :the 
scapula evokes retraction of the upper limb and when the stimulus is applied 
near’ the inferior angle of the scapula there occurs, in addition, downward 
movement of the shoulder, -flexion at the elbow, and lateral displacement of 
the head to the stimulated side. When the situation of the stimulus lies over 
the upper fold of trapezius near the neck the response consists mainly of 
elevation and forward movement of the shoulder. 

By scratching ће skin in the middle line over the upper thoracic spinous i 
processes a backward twitch of the head is evoked along with a bilateral quick 
movement of elevation of the shoulders. By moving tne stimulus downwards 
to the inter-scapular region in the middle line, the elevation of the shoulders 
and backward movement of the bead is now accompanied by quick backward 
movement of the shoulders followed by forward movement of these parts. 

: Motor phenomena in association with reflex flexion of the lower limbs. -—. 
Associated reactions are not observed with nociceptive reflex movements óf the | 
upper limb but with reflex flexion of the lower limb the following general 
response is usually obtained. The crosséd lower limb is strongly extended at . 
hip and knee and the foot and toes move down. All the muscles of the limb, 
however, are broughé into action, as also are the muscles of the trunk ; in the 
upper extremities movement as a rule does not occur, but all the muscles 
acting on the shoulder and elbow-joints on both sides show increased tone. 

Motor phenomena associated with strong voluntary movements.— When 
the patient makes strong efforts to extend his left elbow against resistance, 
slight abduction is observed at the right shoulder, flexion at the elbow, supina- 
tion of the forearm, and extension-of the wrist; the trunk and lower linibs are 
extended. All the muscles -are brought into action, movement at different 
joints being determined by stronger оран of some muscles over their | 
corresponding opponents. 

With voluntary flexion of the left elbow against resistance, all the large 
muscles of the right upper limb become more tonic, but very little movemeht 
occurs ; the arm is held a little abducted and internally rotated at the shoulder, . 
the elbow is held in а position of flexion or extension, the posture being 
determined by the position of the joint before the response is evoked; the 
forearm is supinated to a slight extent and the hand is extended; the trunk 
is often slightly bent forward, and the lower limbs are strongly extended. 

Similar reactions are evoked in association with voluntary flexion or 
extension of the right elbow against resistance. 

. Strong voluntary flexion or extension of one knes against resistance also 
evokes a general response in the rest of the body. The knee of the opposite 
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lówer limb айй акы dienes floxed, although all the muscles are 
tonically contracted as are also those of ‘the пш ,Shoulder-girdle and elbow- 
joints. 
Sensation. —Sensibility is unimpaired, except for defective recognition of 
, vibrations of. a large tuning- fork i in the lower limbs and of changes in passive 
position in the toes. ; 

- Bladdér and rectum.—There is definite бейеу of micturition, sometimes 
associated with hesitancy. Aperients have to be given daily to keep his 
bowels open. , 

Vasomotor and nutritional functions are normal., 
mo d -ray examination of the spine shows no abnormality. 


` 


‚базе 6.—L. 8., a man, а 27, ‘was admitted into St. Тр s Hospital 
on August 26, 1991. 

During the previous week he had МЕЕ, 8 certain amount of abdominal 
discomfort. On the day of admission he complained in the afternoon of some 
stiffness of his neck, but continued at his clerical work. After tea he felt 
unwell and fainted and a few minutes later began to lose power in his right 
hand and arm and then in his right leg. Twenty minutes later he was deeply 
unconscious, vomited two or three times, and was brought into hospital. 

On examination in bed he was found in & comatose condition with a full and 
regular pulse and deep regular respiratory movements. 

The left limbs presented some resistance to passive movements, but the 
right arm, and leg were completely flaccid. ` The reflexes on the right side 
were of the usual hemiplegic character, those on the left being normal. 

Three days later the patient was serhi-conscious, but more restless and 
irritable under examination. Cerebrospinal fluid withdrawn by lumbar punc- 
ture was under increased pressure and blood-stained. 

The Wassermann reaction in the blood and cerebrospinal fluid was negative. 
The cerebro-spinal fluid contained many blood-cells and в slight excess of 
lymphocytes. Cultures of the fluid proved sterile. 

’ During the next week or two the patient gradually recovered consciousness, 
but was found to suffer from a considerable degree of motor aphasia and also 
from severe headache, which gradually grew less intense. 

Тһе cerebrospinal flud.was examined on several occasions, and showed 
a progressively decreasing amount-of blood as time wenton. Voluntary ‘power 
together with an increasing degree of rigidity developed in his right limbs, 
and by the middle of October Be presented a typical рше of spastic right 
hemiplegia. [ 

‚ Posture.—The right upper limb was held in a position of adduction and 
slight internal rotation at the shoulder, flexion at the elbow, semi-pronation 
and flexion at the wrist and flexion at all finger-joints: the right lower limb 
was in a position of general extension at all joints. | 

Tone.— There &ppeared to be а general i increase of tone throughout the muscles 
“of the right upper limb with АШУ more tone in the addtctors of the 
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shoulder, flexors of the elbow, and pronatora and fare of the ad and fingers. 
In the right lower limb the amount of tone was not 80 pronounced but was 
relatively greater in the extensors than in the flexors. 

Reflexes.—All tendon-jerks in the right upper and lower limbs were greatly 
exaggerabed. , The right abdominal reflexes were less brisk than those on the ` 
left side. Stimulation of the right foot produced a general flexor response of 
the right limb accompanied by an‘ upward movement of the big toe. : 

À.noouous stimulus, such as the' scratch of a рід or a firm pinch applied to 
the palm. of the right hand or to any part of the inner aspect of the right arm 
and forearm or fo the anterior wall of the axilla, evoked a contractior in the 
right deltoid, infraspinatus, biceps and flexors of the wrist: The contraction 
of these, muscles produced slight abduction and’ external rotation at the | 
shoulder, flexion and supination at the elbow and slight flexion at the wrist, 
and was sometimes associated: with extension of the thumb) It was noticeable 
that the contraction of the above: mentioned muscles was accompanied by’ 
relaxation of their antagonists. 

This reflex was not strong enough ‘to podia great displacement, of the ' 
segments of the limb and it was not associated with any definite movements, 

‚ in the trunk or other limbs. ` 

' Associated postural reactions.— (1) Reflex flexion о? the right lower limb, 

produced by stimulating the sole of the foot, was associated with slight extension: 
at the left -hip and knee, with contraction of the right abdominal wall, and 
‘with & movement of the right upper limb, which consisted of an increase of : 
internal-rotation at the shoulder, slightly more pronation and flexion at the 
elbow, and some flexion of the fingers. 

(2) When strong voluntary movements against resistance were performed 
~ by the right upper limb, such as flexion of the fingers, flexion and extension of 
the ‘elbow, and adduction and abduction of the shoulder, a number of associated 
movements took place in other parte of the body. There was general bilateral ' 
contraction of the'trunk and neck muscles, including both trapezii and all the 
muscles of the abdominal wall. In the left arm there was observed abduction 
апа internal rotation at the shoulder, flexion at the elbow, pronation of the 
forearm, with strong flexion of the wrist and fingers. In the lower limbs there. 
was a slight definite movement of flexion on the right side and one of extension, 
chiefly at the proximal joints, on the left side. $ 7 ; 

(8) Stimulation of the sole of the left foot produced а dowasard movement 
. ot the left big toe, with slight dorsiflexion of the ankle; and slight flexion of 
the knee. This was sometimes associated with adduction and retraction of 
the right shoulder. * 

‚ (4) Powerful voluntary movements mm resistance carried out by the 
left arm or either leg were always associated with certain movements of the 
‘right upper extremity, and these consisted of abduction and internal rotation, 
"at the ‘shoulder, flexion at the elbow, slight pronation of the forearm, and 
flexion: of the wrist and fingers. If the effort was sufficiently powerful, 
contraction took place in the trapezii of both sides as well as in other trunk 
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PERA and these movements were associated with slight flexion of the right 
lower limb, and slight'extension of the left: 

It was noticeable that in these associated movements: the contraction of 
the.prime movers was ‘accompanied by a less powerful contraction of their 
antagonists. 


Case 7.—A. B., а man, aged 28, was admitted to St. Thomas’s Hospital, 

on October 13, 1921, complaining of pain in the left side of his head, general 
weakness and attacks of transient blurring of vision of a few months duration. 
There was a history of occasional г, incontinuence of urine and of 
‚ defective memory and attention. 
- On’ examination there was found gross papilledema in both eyes, slight 
` КЕ ‘of the right side of the face and of the right grasp associated with 
very slight impairment of postural sensibility in the right hand. ` The reflexes 
were generally normal and what changes were observed from time to time were 
‘variable and indefinite. 2 

On November 2, 1921, Mr. Sargent explored the left fronto-temporal region 
of the brain and found a deep-seated tumour in the substance of the temporal 
lobe about one and ‘a half inches behind the Sylvian point. No attempt was 
made to remove the growth, which had the appearance of an infiltrating glioma. 

A post-operation right hemiplegia gradually cleared up, but on November 14 
, the patient became semi-comatose and had general convulsions chiefly affecting 
the right arm and leg. These recurred at intervals during the next few days 
and finally left him with a complete flaccid right hemiplegia. 

On- November 15 the right upper limb was completely paralysed and 
toneless. No tendon:jerks could be obtained either at the elbow or the wrist. 
Pinching or scratching the inner surface of the hand or forearm evoked a 
movement.of abduction and external rotation at the shoulder, the movement 
being produced by contraction of the deltoid and infraspinatus muscles. 

On November 22, a similar stimulus provoked in addition a slight contrac- 
tion of the.biceps жи a movement of flexion at the elbow and supination of 
‚ the forearm. 

A week later these refles movements were obtained with greater ease, 
and i in addition to the movements described above there was observed slight 
flexion at the wrist. .The whole limb was still completely lacking in voluntary 
power, i in tone and in tendon-jerks. 

Ш ihe patient carried out powerful voluntary movements of the left arm 
against resistance, they were accompanied by slight flexion of the nem elbow 
and perhaps slight pronation of the right forearm. 

At the end of December the right upper limb exhibited a slight amount of 
müscular tone and the tendon jerks could be elicited. Slight voluntary move- 
ments were possible at the shoulder and elbow, and the flexion reflex move- 
ments included well-marked fléxion at the wrist. : 


Case 8.—W. 5., & man aged 58, who was admitted into St. Thomas's 
"Hospital on March 26, 1921. i - 
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- He: ‘gave 2 history of fairly good health until the last two’ years, during 
which he has sufferéd from sharp intermittent pains in the lower extremities, 
and from a certain amount of difficulty in walking. steadily. More recently, . 
according. to his wife, his. memory апа general кые appeared to be- 
failing. '. ` 
.: On March 25, 1921, after a ЗЕЕ night, he was Renovated in is morning : 

unable to speak, and. with weukness of his left-limbs. 
' : On;admission to the hospital hb looked ill and somewhat emaciated. He 
= quietly in bed, and could answer questions slowly, but with defective д, 
articulation, There was complete incontinence of both sphincters.’ The head , 
and eyes меге turned, somewhat to the right, and the pupils were very small 
and immobile; both upper lids showed a certain amoni of drooping and the . 
patient, appéared unable to turn his eyes to the left. ` The left side of; the face 
was weak when compared to the right. The left upper extrémity, was also 
very weak, the muscles of the shoulder and elbow being somewhat spastic, 
those of the wrist and hand flaccid. The left lower extremity was weaker 
than the right, especially in regard to all flexor movements. . Thera was some 
‘impairment of sensibility to both deep and superficial painful stimuli i in both 
lower extremities. 2 | 
‘Reflexes. —The arm- PEN were brisk and equal on the two sides. The 
abdéminal reflexes were absent.on the: left side. Both knee and ankle jerks. : 
were not obtained, and а plantar response on the left side: was of the extensor | 
type, ‘that on the right side flexor. , ‹ . 
, Cardio- vascular and respiratory Systems presented no marked abnormality. 
The ‘tongue "Was heavily coated, and the abdomen apparently normal. 
‘On "March 27 А lumbar. puncture was performed and clear cerebrospinal 
' 991 removed. 'The examination of this fluid showed that it gave a positive ' 
Wassermann reaction, and contained a large excess of lymaphocy tes: There 
) were some increase in the albumin content. . m 
‘Although treated with, intramuseular injections of төт and two 
intravenous injections of N.A.B.,'the patient showed little. sign of improve- 
ment, became more incoherent and drowsy, and died on April 18. 
, Whilé under. observation it was noticed that stimulation of the inner aspect .' 
of, ‘the ‘left arm and of the palm of the left hand by méans of pricking ог a., 
scr ateb evoked, а reflex movement of the left upper limb, which consisted of 
"internal rotation and adduction’ at the shoulder, extreme extension of the 
elbow, hyperpronation of the forearm, with slight flexion, of the wrist and 
‚ fingers. This ;' extension reflex” had а somewhat sudden onset after a latent 
period i in response to appropriate stimulation. E f 
The post-mortem examination revealed an area of softening, involving the. - 
posterior part of the right lenticular nucleus and the right internal capsule. 
' There was general thickening of the pia mater, and sclerotic changes in the 
. cerebral vessels. The spinal cord showed chronic lepto-meningitis involving 
the posterior surface with atrophy of the жепк columns and the posterior 
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There were лак ma congestion of the lungs, chronic interstitial nephritis, 
atheroma of the aorta, and Soloroka changes of the cardiac valves. 
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= CHAPTER I.—INTRODUCTION. 

SoME years ago, under the title “ Dyssynergia Cerebellaris Progressiva, 
_or Chronic Progressive Cerebellar Tremor” [10] I directed attention to a 
peculiar disorder of motility, which I regarded as a definite: clinical type 
of nervous disease. ` А 

"This affection was characterized by generalized intention tremors, 
which began as a local manifestation and gradually extended to’ ‘other 
parts of the’ ‘voluntary muscular system. The extremities, and more 
‘especially the arms, showed the greatest degree of involvement. \ 

The coarse ataxic-tremor Е which characterized the dis- 
4 ^ 


F 


! ргевепбей i їп abstract | at the Annual Meeting of ‘the American Neurological Association, 
` June 18, 1921, ү ^ ES 


ED .DY88YNERGIA CEREBELLARIS MYOCLONICA 491 


4 


order was only present when the muscles were in action, and ceased 
entirely during relaxation and rest. It was, therefore, volitional in 
character and of the “intention tremor type." Another peculiar feature 
was the severe involvement of the finer co-ordinated movements of the 
extremities, while the coarser and more massive movements underlying 
station and locomotion were but little affected. 

When this tremor disturbance was subjected to careful analysis there 
was found associated with it a disorder of muscle tone and of the ability 
to measure direct and associate muscular movements, the clinical mani- 
festations of which were dyssvnergia, dysmetria, adiadokokinesis, hypo- 
tonia and asthenia. All of these symptoms, including the volitional 
tremor, which was an extreme expression of the underlying disturbance 
' of muscle tone, and synergy, showed the existence of a fundamental 
disorder of: cerebellar function. E 

. I, therefore, regarded, the affection with its progressive tendency, 
chronic course and well-defined cerebellar symptomatology as “ ап organic 
disease caused by degeneration of certain special structures of the cere- 
.bellar mechanism, which were concerned in the regulation of the tonus 
and synergies of muscles."  \ 

Since my original publication, I have had occasion to observe another 
group of cases which combined the symptomatology of dyssynergia 
cerebellaris progressiva and myoclonus-epilepsy. There was the pro- 
gressive dyssynergia characteristic of a cerebellar disorder, in association 
with epilepsy and myoclonus. Here, as in the group of cases uncom- 
plicated by myoclonus-epilepsy, the movements of the extremities showed 
the greatest degree of disturbance. 

"This form of dyssynergia, which I would term dyssynergia cerebel- 
` laris myoclonica, I have also observed in association with Friedreich’s 
ataxia, & combined cerebello-spinal involvement, which is not infrequent 

in the history of cerebellar system diseasé. In one of these cases 
careful pathological investigations were made which throw considerable 
light on the origin and anatomical basis of the cerebellar portion of the 

‚ symptomatology. On the basis of these studies I would refer the pro- 
gressive dyssynergia to a primary atrophy of'the efferent dentate system 

‚ of the cerebellum, and would regard this system as the essential neural 
mechanism underlying the production of the cerebellar or intention 
tremor. i 

In conclusion, I will state my views on the relation of the cere- 
bellum to the static or posture system of motility, ‘and the bearing 
which this conception has on the interpretation of cerebellar function. 
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s liri [Муй өрер began: at. PN of 1, aad _was s followed . 
A ‚ five’ years. “eta by: ‘symptonis iof. ' dyssynergia -edrebellazis ; ‘progressiva,’ vii, И 
| "generalized? intention! tremors ‘and scanning ‘speech, associated with framen : : 
‚ «d ysdiádokoktnisis, fiypótohia. and, asthenia. ы au r oh. { 
| Шун, pàtierit,. à man aged 307 single and & POA E by: е. was: 
"refetr fo-the. Neurological I Instibute; in: “May, 1918, and was admitted to: ihe d | 
service of Dr: Pearce, Bailey. - Iam indebted to. Dr. Bailey a the privilege: of y Е 
‘observing and ‘reporting te case. ШАШ > И 

' Family “hastory. His father Was в periodical 'ärinker. id two. vf the. 
“ ‚ао, uncleg weré^aleoholie.; An ‘aunt on. the’ father’s, side; was 'вођјесь бо ` 

v fainting attgoks of rather’ doubtful | nare and which were not 'éalled epileptic Fy 
" by: dh? family: | "heir. character, vould not bé determined with' certainty. * ‘His , 
"mother; as living ‘and, in good. health: “Parents were‘ not: related. ‘One’ sister .: 
dg!  alivé. and ‘well. СА Brother died 3 in early’. life. -No other" member of the. К 
8 "family, ‚Во, Чаў a8 | he коза, had: any disease similar to thé one from whigh 
«dhe is-suffering, a quo E Meera "9 LE 
E ‘The’: previous history shovis ees unusual., Childhood y was Korihi, we ats 
i ið dod work at School; and. wag quite up;to-the average in bis mental. develop- 


б ment. UHe Yaa Tapales: ‘ahd Siliddping-bougl in ‚өзу е: "There wass bo. S 
` ' history ‘of traurha, venereal disease! or of alcoholic бхсеввев.' И е T 
e Ол. —The' first ‘symptoms of “his disease appeared Я the' age of. 17, 
| At ‘this ‘time Jie had’ an epileptic: seizure which was characterized - by loni 
B . müseulei . spasms ofthe "right ‘arin, ‘and leg, which. developed ` "while wreatliiig.- T 
"og and” Tasted, úhly а few minutes.’ "He ‘hod two: such’ attacks, neither. of: which- + 
Ae were aggociated with .coniplete unconséidusness, but. in both he Босае: уи: 

E and fell, to ihó ground. . After théae ‘initial ‘seizures the stibseqhoat attacks,” 

were ‘always , accompanied’ "by; completà: loss bt: consciousness. ‘They ` were ', 

А ‘nearly’ always. ‘preceded’ by, à motor, aura, ‘consisting’ oj а" progressive spasm we З 
} tlie: right arm’ and’ Jeg; which’ tehinihated i in tinconsciousness, ' and “was follower |, 
S Буй genoral convulsion. ‘The tongue WAS. often - -bittén,, anid, there were occa.” -s 
ud itn. incontinénes of’ urine and the other manifestations. of “a, major, e пети 
. | seizure. Теве, ‘grand-mal attacks. were ‘comparatigely. infrequent, occurring ' 
^s ‘only, thrée.é or four, times ase, and at’ one: dime thére was’ вее. interval: “of. А 
Ds ral, ‘thres-years, ^ EC e < р v bu an 
Da , Whe he was 19! years, of. Age) thet is, fo: youre, after. the first. epileptic e 
P seiztite, the. myoglohit jorks-made ‘their appearance: These, were usually worge ut 
“fin. the, early, morning hóürs ‘and `тайпаШуйїпогевбей in; extent and inforisitys è UU 
He stakes that they з were m giipaber. by ihe. usé òf alechdl, and tho: ‚ 
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 patiónt MON book this means of relieving their’ vui. The myoclonus 
first appeared in the’ bands ‘and, arms ‘and gradually extended to the trunk 
and’ lower extremities. Subsequently, the myoclonus -became so severe that 
he was ‘occasionally thrown to the ground гала on one of these occasions he 
broke his nóso.. , 

Five years after the: onset ‘of the tityoclonus- epilepsy the intention iremor 
made its appearance : in the arms. This gradually increased in severity 
*-and later the speech became affected, and the legs showed evidences of 
‘involvement. ' : 

i There has been no haaha, no ‘diplopi and he states no special impair- 
ment of memory. Preceding the epileptie attacks there is,& whitring sensa- 
tion in (the head but otherwise no vertiginous seizures. The myoclonus is 
increased ' by mental stress and worry, and varies in its intensity from day to 
day. He has good days when the involuntary jerks and -starts are in abeyance 
and other days when they are very severo.: 

Physical examination —Shows a well- developed muscular man. The 
speech is slow and scanning in character and of the cerebellar dysarthric and 
explosive type. There is a wall-marked, typical intention tremor of both 


‚ upper extremities, similar in all respects: to that observed in multiple sclerosis. 


Th addition there is also a typical intention tremor of, both lower extremities. 
Associated with the intention tremo? аге evidences of dysmetria and dysdiado- 
* kokinesis:. І 


~a Теге is no lous of the ` gross motor power of arms or legs and no muscular 


iatrophy. There is, howévér, in the arms, some diminution of the power to 
"maintain fixed muscular contractions and postures except for ‘short periods of 
‘time, ‘due td. tremor and asthenia. For example, when he extends the arm 
from the body i in abduction, and attempts to hold it in this position, there 
‘ensues а coarse ataxic tremor and after a brief effort the arm is dropped to 
the side, i in this respect simulating: the ‘behaviour of the intention tremor in 
multiple sclerosis: There is difficulty in maintaining.a fixed posture of the 
upper extremities except for short periods of time. There is also a moderate 
„degree, of, hypotonia in both upper and lower extremities. The Stewart- 
” Holmes sign of cerebellar hypotonia is however not demonstrable. 

The tendon reflexes of both upper and lower extremities are present, activo 
and equal on the two sides. "There is no ankle clonus, no patellar clonus and 
the plantar reflex is of the normal fiexor type (no Babinski'response) The 
oremasteric and abdominal reflexes are present and equal on the two sides. 
There.is пр history of pain or of pepbsthesine. All sensations both superficial 
and deep are normal. + . 

The pupils are equal and Beant io: light aud accommodation. The ocular 
excursions are normal and: there is no nystagmus. Fundi negative. The 

Е innervation of the face, tongue, soft palate and muscles of mastication are 
also’ | normal, Save -for occasional myoclonic jerks there is no Rombergism 
and the station is normal. The spine is normal, in contour and in movement. 

During-the course of the examination there are frequent myoclonic starts 


or jerks ‘in | both upper and lower ‘extremities and trunk. This tendency is 
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:ййөнөзөї 6 or way. be: ‘induced: : by. Voluntary: móveiseni and ds 
ше intention stremor, produges' a very gtàve » disorder’ of. тїївөїшаї 
E V When dying; on Alio ek patient ig: relaxed: and perfectly: 
" "айыр: gb Doremon i is, likely. to. initiate" aniyoclotiie: twitehip. 
x “extremities ' or, ‘trunk,* This tendénoy ,ig increasèd by. talking 
- ‘any, torni ор volitiónal.rhoyoment:; Саса thie recumbent ‘position’ 
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К closed: ‘eyed without dev reloping alaxio zhovanientü- . The..myoól 
E odour, spontaneously, apparently withdut the; ,intérvention of vol 
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"aris: and | legs: aod with’ all: volitional отели йы, and: P^ present 
/ obarackeristios of: ‘this, form- of tremor.’ " Tt-is, řadily disti 
= dnyoġlbnio. jerks ‘although, frequently. Acconipanicd=by- theni.: А 
‘ ,' thé. inténtion tremor": ‘dre typical, dysmetris aind'aysdiadokokin 
A < and station, while- showińg- some uncertainty,” ате. not marked: 
* `. dhafctor ;and the evidences: of „сет воа? ‘disarder , affect dee 
cr “fortis, of 4 füotility, viz, spéedh, and tho volitional: movémohts of 
is ferendus dyesynotgia). D D EUM E oS 
и" 2 filie; höart and lüngs arenormal.” Abdominal ‘palpation } is, ти 
2M is ао; -dethonstrable ‘enlargerhont vÈ ihe”  bepatio : -&rea,, and’ -n 
:-Bbnoribal pigmentation’ of the skin’ ‘of TORUM. . Urine аппам 
“февзЬ ‘ob blood: negatives: , es PET Ку л 
‚. Comment: This ‘patient. presente! in' дано ы ‘the зуга] 
e Ev -epilépsy а “ohgonic“progtestive: dyssynergid- of- -cerebellai 
x the Scanning speech and ‘intention tremors of ‘hoth upper 'and lo 
нөгө ate 'the- associated «manifestations, ol cerebellar disedse, 
.; üyidiédokókinosis, hypotonia | and; astlienia: "With. the’ excepti 
. гешӯоборцв апа" dyssyhegia. there à aré nó other. óyidénces of-ort 
: E the" nérvous. Systeni ^ Ttris of: ‘interest to note‘ ‘that’ ihe « evidenceg 
И аре в apbendicülar rather, than’, trankal, їй. ;distribátion ‘and ‘that 
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E 5 This:  piltions j ig 19: “ears! ‘of age, and single. - Бре as init 
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© апа tio sisters, all in good health. There is no family history of any similar 


nervous disorder. 
‚ Personal history. — The patient was" born at full term following a labour 


Мына forty-eight hours. The delivery was said to have’ been natural. 


‘Among possible pre-natal influences may be mentioned her father’s alcoholism 
and mother’s worry over family affairs. There was no paralysis or spasm 
immediately after birth. Her mind developed naturally during infancy and 
childhood, and she was considered very bright in school. She had whooping- 
cough at 10 years, measles at 13 years, and diphtheria at 14. 

Present silness.—At the age of 7 it was first noticed that her hands would 
shake and jerk while feeding herself or trying to pick up things. This tendency 
+o myoclonus continued and gradually increased-in extent and severity, finally 


Я involving, in addition to the arms, the legs, trunk, and even the facial 


musculature. 

Three years later, Бев she was 10 уеатв old, she had her first ТЯ 
seizure. These attacks recurred every three or four months,” They were 
diurnal and of the grand-mal type. At the present time she averages about 
six grand-mal seizures & year. They are of typical character, and are 
frequently dssociated with biting of the tongue and incontinence of urine. It 
was difficult to obtain any very definite statement as to the time of the 
appearance of the intention tremor, because of the existence and severe nature 
of the, myoclonic phenomena which tended to mask the other motor disorder. 
_ For the last five years, however, & coarse ‘ataxic tremor of the arms and 
legs has‘ been’ present on volitional movements and the speech has been jerkv, 


than, probable the characteristic symptoms of a cerebellar disorder werc 
present before the fourteenth year, and were overshadowed by the myoclonia. 

Physical examination (February, 1918).—During the course of the 
ёатїїпайоп, while patient is seated їп а chair, there are frequent sudden 
myoclonic jerks or starts, which may appear spontaneously, but usually 
precede or follow some volitional effort. These may appear in the arms, trunk, 
legs, or face; as a rule, there із a single coarse jerk or start, and then an 
interval—occasionally a small series of myoclonic starts occur in rapid 
succession. These movements are brusque, sudden, and involve synergic 
groups of muscles and produce a considerable locomotor effect. On arising 


. irregular, эе ell These symptoms, have grown gradually worse. It is more 


from a sitting posture there is at first a slight unsteadiness and an effort to 
'restore the equilibrium by standing upon в broad base with balancing. While 


walking, the harmony of movement is frequently brokeh by coarse myoclonus 
jerks which throw her to one side, causing a loss of balance. 
These coarse myoclonus jerks appear in the trunk.and arms and legs. 


| They. also oocur while sitting quietly in & chair, producing sudden brusque 


jerks of the trunk or extremities. А slight flicker of myoclonic character is 
occasionally observed in the face. The myoclonus is very apt to occur just 
before, apparently initiated by the response to a voluntary movement, such as 


_ lifting up the arm, placing finger on fhe tip of the nose, or a movement of a 
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leg Аб certain times, and on certain days, they are much more severe than at 
others, and in the morning they occasionally cause her to toss about in the bed 
so that she almost falls out. "This patient's myoclonic movements sometimes 
continue during sleep and disturb her rest to a considerable extent. The 
abdominal muscles are also occasionally the seat of spasm. The myoclonic 
movements of the extremities are often symmetrical, both sides being simul- 
taneously involved. The difficulties of gait and station are very much increased ` 
by the tendency to myoclonus, as all of the usual muscular activities of standing 
and walking in themselves produce myoclonus, and are the óguse of constant 
uncertainty and inco-ordination. 

She is able to stand alone, and there is no Rombergism. She walks on a : 
rather broad base, lifting the foot too high with jerky, irregular 'ataxic-like 
movements of the legs (dysmetria). The attitude of the trunk is also some- 
what oscillating, showing a slight tendency to balancing. The spine is straight, 
and there į js no scoliosis. ` 

А cerébellar or intention tremor is present in both upper extremities, more 
particularly on the left-side. It is of the same character as the intention 
tremor of multiple sclerosis and is brought out conspicuously by the finger- 
nose tesb., On the performance of this test there is the coarse atactiform shaking 
which 1 increases in intensity as the finger approaches the tip of the nose. And 
there is the quick jerking away movement of the fingers from. the tip of the : 
nose, a8 in true intention tremor. Well marked adiadokokinesis and evidences 
of dysmetria are also present on both sides. 

In the recumbent posture there is also dysmetria in the heel-knee teat, ind 
volitional movements are irregular, jerky and of the ceggbellar ataxic type 
The movements during these tests are frequently inter: d by myoclonic 
jerks. There is no noteworthy hypotonia of the extremities and the Stewart- 
Holmes sign of hypotonia is absent. 

The tendon reflexes of the arms (supinator, biceps and triceps jerks) are 
present and not exaggerated. The knee-jerks are active and equal on the two 
sides. Both Achilles jerks are present and equal. There is no clonus. The 
abdominal reflexes are present and equal. The plantar reflexes are also are 
and of the normal flexor type (no Babinski). 

The pupillary reflexes are normal. The ocular excursions are normal and 
there is no nystagmus. Fundi normal. The innervat:on of the fe; ‘tongue, 
soft palate, and muscles of mastication are normal. 

The speech ‘shows well- marked! dysarthria of wis cerebellar type. It is 
jerky, explosive and at times scanning. 

There is no Romberg symptom and no ataxia of station develops on closure 
of the eyes. In the recumbent posture both the upper and lower extremities 
may be elevated and held in this position with closed eyes without the 
. development of ataxic movements. 

Sensation.— The superficial sensibility is normal. The sense of touch, pain 
and temperature are well preserved: The deep sensibility is also normal and 
there is no disorder of the sense of posture. ' и \ 
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` There is no’ disturbance of the sphincter control of tbe bladder or rectum. 

The intelligence shows sorhe general reduction and retardation. There is 
Joss of memory and slowness of thought and action. Judgment is poor. In 
‘the Binet-Simon test she is rated at 9 years. , ' ' 

The heart and lungs аге normal. The urine is normal. Wassermann test 
of the blood is negative. There are по evidences of abnormal pigmeniary 
deposits on the skin or at the gclero-corneal junction. 

Comment.—With the’ exception of myoclonus-epilepsy and progressive 
dyssynergia there are no other evidences of organic disease of the nervous 
system. The chief disorder of cerebellar function is that affecting articulation 
and the movements of the extremities. The gait and general equilibrium also 
show some disorder of cerebellar function, which is accentuated by the severe 
type of myoclonia which is present. ' 

In this case the dyssynergia while preponderantly appendicular in distribu- 

-tion also involves to some extent the trunkal musculature. As in the previous 
case, there was no history of the familial occurrence of either myoclonus- 
epilepsy or cerebellar disease. 


i CASE 3. 

Summary.—-Myoclonus-epilepsy of twenty-six years" duration. Agssocinted 
with symptoms of dyssynergia cerebellaris progressiva, viz., cerebellur 
dysarthria, intention tremor, dysmetria and adiadokokinesis, affecting clit fly 
‘the volitional movements of the extremities. 

This patient was a man, aged 38, single, an inmate of Craig Colony for 
Epileptics, where I saw him in consultation with Dr. ‘Shaw of the Colony 
staff. 

Familiy history.—Parents are living and in good health, patient is &n onl 
child of his fratermty. Не has one half sister (mother's daughter by first 
marriage), aged 49, who 18 married and in good health. Careful inquiry by 
letters and interviews failed to reveal any history of epilepsy or other nervous 
- disorder among the relatives. 

Personal history.—The history of the birth, of infancy and of childhood 
were negative up to the age:of 12 years. He had whooping-cough at 8, and 
‘measles at 9. There were no untoward symptoms during these infections, 
which would indicate involvement of the central nervous system. School 
progress was about the average, and at the age of 16 he left school to work on 
a farm. He continued this occupation ug to the time of his admission to the 
Colony in the summer of 1912. His habits were moderate, he used tobacco in 
moderation and beer occasionally. There was no history of injury ov of 
venereal infection. 

History of the disease.— Epilepsy : his first seizure occurred at the age of 
12 years Ho was on his way from school, stopped to tie his shoe-string, and 
fell over in а convulsion. “Rush of blood to the-head” was the assigned 

` cause. , Soon after this, myoclonic jerks and twitchings made their appesrance 
These gradually increased: in severity and frequency and were especially 
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severe:in the mornings. Myoclonia was usually greatly exaggerated' before 
convülsivo phenomena. ' 

. His general nervousness and the severe myoclonia were the reasons for his~ 
seeking admission tothe Craig Colony i in 1912. -' 

Upon admission he was in good general health, and weighed 187 lb. He ` 
was ' nervous and unstable." There were myoclonic jerks involving the head, 
trunk, upper and lower extremities. 

His general intelligence was fair. ' 

During tbe six years of his Colony residence, he has slightly deteriorated 


mentally, and has lost weight, but not rapidly. The myoolonia has greatly ' 


' increased. The. speech defect which was slight on admission has become 


intensified. There are exhaustion states following severe attacks of myoclonia, - 


which at times may exist for days, and are quite general in their distribution. 
It is definitely established that-during the early years of his disorder he 
had severe grand-mal- seizures, the tongue was bitten and there are scars about 


the face and.scalp due to injuries received by falling during attacks. From: 


1912 .to 1916 there are recorded occasional seizures, which appear on the 
regular Colony records, -but most careful investigation fails to reveal, even from 
those in daily contact with .him, that he has had-attacke other than myoclonia 
in recent years. The present nurse in charge of his cottage, who has observed 


him for the greater part of five years, denies the occurrence of seizures, and . 


states that the only manifestations of his illness are the “ jerks and tremors.” 
It is quite certain that the years of 1916, 1917 and 1918 have found him free 
from epileptic seizures, as he has been under close observation during that time. 


He has averaged during this period about two weeks per year in bed as a result ' 


of myoclonia, which made i impossible for him to get about, or even ‘to feed 
' himself. . 

Physical ambition. — Patient is a muscular, well-developed man. 
Station is steady and there is no Romberg symptom on closing the eyes. The 
' spine ів normal in ‘contour and movements. ,The gait shows a slight clumsi- 
ness and awkwardness, especially on turning. corners or facing about suddenly. 
At these times there is a slight tendency to uncertainty and the smooth 
harmony of balance and locomotion is somewhat disturbed. "There is, how- 
ever, no definite or distine tendency to titubation and the slight disorder of 
gait and station might be regarded as merely clumsiness were it not for the 
existence of other and more characteristic cerebellar symptoms in the more 
delicate movements of the extremities. 

The pupils are equal and react to light and: accommodation. The ‘ocular 
excursions are normal and there is no nystagmus (no history of diplopia). 
The other ctanial nerves are negative. Fundi-are normal. 

Speech is of the cerebellar typé, slow,of scanning character, and at times 
explosive. The tongue is protruded in the mediar line, without tremor. The 
innervation of the face, masseters and soft palate are normal. Frequently 
‚ during the examination coarse myoclonic jerks and jumps occur in. the ex- 


tremities and trunk. These may be ‘spontanéous but are particularly likely to 
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. be initiated by апу volitional effort: or movament, At times the myoclonus 
occurs immediately. after ‘the ‘cessation of & movement. Occasionally it is 
symmetrical on the two sides of the body, but both in the arms and legs inde- 
pendent myoclonic contractions are common. As in ‘other oases the face is 
also occasionally involved. 1 

There is no diminution of the gross re power of the extremities and no 
evidences of muscular atrophy.. On attempting to place the index finger on 
the tip of the nose a well-marked intention tremor is developed, which is more 
pronounced on the left side. This varies somewhat in intensity. At times 
there is present the coarse, slow, ataxic movement. of dyssynergia which 
increases as the finger approaches the nose, on other occasions it has more the 
_ character of the typical intention tremor of multiple sclerosis. Evidences of 
dysrhotria and, typical adiadokokinesis are also present im both upper ex- 
tremities, more particularly on the left side. 


Patient’s signature July 28, 1918, during “ quiescent period ” of the myoclonis. 


1 
i 


In the lower extremities, evidences of, cerebellar ataxia (dyssynergia and 
dysmetria) are also elicited when volitional movements are attempted, such as 
placing the heel upon'.the knee. There is no definite hypotonicity of the 
muscles of either arms or legs, and the Stewart-Holmes sign of hypotonia is 
absent. 

Reflexes. -—The arm jerks БЫР. biceps’ and triceps jerks) are present and 
active. The knee jerks and Achilles jerks'are also present and active. There 
is no clonus. The skin reflexes are normal. The abdominal and cremasteric 
reflexes are elicited and the plantar reflexes are present and of the flexor type 
(no Babinski). 

All sensations, both superficial а deep, are normal. The sense of рові- 
‘tion is quite normal in both upper and lower extremities. Abdominal palpa- 
_ tion is negative and there is no enlargement of the hepatic.areas, no abnormal 
pigmentary deposit of skin and sclera. The heart and lungs are normal. 
Urine is normal. Wassermann test of the blood is normal. 

Comment.—In this patient, as in the others, there was difficulty in deter- 
mining the approximate age of onset of the dyssynergia. The myoclonus- 
epilepsy is itself such a formidable condition and causes so severe a disturbance 


D 


' 


500 ' * ORIGINAL ARTIOLES: ‘AND билд CASES . J 


Y as A 
К motility that it rather tends to mask Ше дш disorder. With the excep- 
tion of myoclonus- epilepsy and.dyssynerdia'no other symptoms of organic 
disease-of;the central nervous system. could be found. Symptoms indicative 
of multiple sclerosis, Friedreich's ataxia, or gross cerebellar, disease were nof. 


' present. I would therefore regard the condition as one of ' dyssymergin ^ | 


cérebellaris ‘associated with myoclonus- -epilepsy., ` ice n eto qu d 
.There was no familial history of either на { ШЕ 


Mes ү ЛЖ. ` ». 


2 - Е CASE 4. | ! 


J 
Sanma: A „girl 15 years of age with nocturnal epilepsy, myoclonia." ' 


| and slight cerebellar dyssynergia of three years duration. g 


ПЕ 
t 


in July, 1921. The family history, so far as could be elicited, was negative. 
The father,» professional man, died as the result of an accident. Up to the ' 
time of: his death, at the age of 45,-he was in good health and had never 
presented any symptoms of nervous or mental disease. - Mother ів living and 
well. There is no history of epilepsy, myoclonia or other organic nervous 
disease in their forebears. The parents: were not related. 

Previous history.—Patient is an only child, born at term, normal pregnancy 
and non-instrumental delivery: She was breast fed for & year and with the, 
exception of digestive. disturbances in early life was a normal infant. No’ 
infantile convulsions. Menses began at the age of 12, and are quite irregular. 
She was,sent to school at the usual age and is of average intelligence. . £ 

"© History: of present illness dates back about three years arid began V 
what bave been called nightmares. She awakens in the night with a scream 


| and passes into general convulsive attack with unconsciousness, frothing ' at 


the mouth, lasting several minutes; and followed by a period of mental con- 
.fugion.. At first these attacks were infrequent ‘but’ later “they increased in 
number and severity and now average once & week, sometimes oftener. Two 
'yeürs ago, that is, one year aftér the beginning of the nocturnal epileptic 


. Beizures, curious muscular jerks or twitchings made their appearance. Ab first .' | 


‚ these were not severe and were more marked on certain-days, usually the day 
” before. the’ nocturnal seizures. The’ arms, legs and trunks were variously . 
affected,. later speech became involved and there was a slight tendency to : 
myoólonic waves and twitching of the face. - This tendency to myoclonus has 
gradually grown worse and on bad days it is' rather difficult: for her to walk 
alore and use her arrns in тиш pad eating con these Occasions she ШЕ 


‚ remains in bed. 


On these bad days she meu e falls to &he ground while "walking ог’ 


Я standing, the legs.suddenly giving way under her Оп two occasions she had 


severe falls of this character, apparently - „associated with momentary blurring 
_of consciousness. , The patient insists, however, that in these falls there is no 
vertiginoud sensation ‘or momentary, lapse of, consciousness and she simply 
suddenly loses the. ability to stand upright, 'hér legs giving way under her. 
On one occasion when I was testing her gait &nd equilibrium she plunged quite ` 

R ; 


E 
4 


А young, girl, 16 years of age, a private patient, first came under my care’. i 
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suddenly to the floor, all of & heap, striking ‘her chin rather heavily. She 
immediately rose to „her feet and ‘was’ в, little shaken from the впйдеп` апа 
Bevere fall, but ‘as far as.l'oould determine there was no obscuration of 
consciousness or pallor, as one observes in petit mal! The attack was caused 
by'a-sudden release; of the muscular mechanism which underlies the posture 
_ of atending and is probably a massive expression of the myoolonia. In one of 

. these she suffered quite в gevere laceration of the scalp. As a rule the 

` myoclonia is most severe в few hours before an attack and.it is usually 

. possible to foretell the epileptic seizures by this aggravation of the myoclonic 

‘ phenomena. 

A nurse who hes slept i in the room a with the patient for a number of months 
gives the following description of the seizure.: “ An attack, or nightmare, is 
usually preceded by an unsteady afternoon and evening: a difficulty in eating and 
talking and an inability to walk unaided is shows at these times. The night- 

' mare usually begins’ with a ‘series of screams and. guttural cries followed by a 
clenching of the teeth and tautening of ‘all the miuscles of the body. 1 ів an 
impossibility to even move one of her fingers at this time. After an interval 
of ten ‘minutes;.or sometimes longer, there occur great convulsions of the body 
followed’ by profuse ‘foaming at the mouth. If attempts to awaken the girl are 
successful she invariably seems dazed- and very often lapses into ehildish 
manner of speech— sometimes half wee —babbling some nonsense—repeating 
some Word or sentence. Twice, she has played with her toes and wept when 
I forced hér to stop. Sometinies it takes more than half an hour to persuade 
€ to lie down and sleep after a seizure. The day foll se ‘she invariably 

‘a! dull ‘nervous headache which lessens as the day g "The second 

a following i is usually her ‘strongest, brightest day. Nightmares occur on 

the’ average of onco'& week, but sometimes there are three, and rarely more 
thdn one in a night." - | - , 

` In addition to: the nocturnal crises and the myoclonus, another group of 

': symptoms has been observed, viz., & certain awkwardness or inco-ordination 
ef movement. It is difficult to place the exact time of the appearance of these 

- symptoms, for thé reason that the night crises and myoclonia ‘have dominated 
the clinical. picture. 16 ів quite certain however that they have been, in 
existence for ‘tbe two years, gradually growing more severe. (The mother 
states that even before the appearance of the nocturnal seizures the movements 
of'the extremities were somewhat clumsy and awkward, and this was especially 

' noticea le in her table manners: This clumsiness was not. taken seriously at 
the' time and was regarded simply as a peculiarity of childhood, which would 
‚ pass off in the course of time.) There is a certain awkwardness in walking 
‘and a tendency to balancing on rising from a sitting posture. ‘There is an 
awkwardness and uncertainty inthe use of the'arms and hands and а thiekness 
and uncertainty of articulation. ; 

‘Mentally she is bright and intelligent, but memory is not so good as 
formerly, and she i is в di tinies „peevish and лыр, d on the bad days 
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when' the. myoolonia is exaggerated. Вне і is subjeot to headaches after the 
nocturnal orises, but not at other times, and is in good general health. 

Physical ezamanation. —She is well developed, of average height and 
muscular development. Seated in a chair and while conversing certain of the 
muscles of the face, trunk or arms will exhibit a quick muscular contraction, 
producing, œ marked locomotor ‘effect. During the interval between these 
moments of myoolonia her expression and posture are perfectly normal, The 
myoclonic jerks are frequently initiated by a voluntary movement, such as 
reaching for some object, an’ éffort to speak or a movement of the head, 
Usually there is a single jump or jerk and then rest. Occasionally a series 
of such movements occur and the trunk or limbs are thrown about in a 
rather bizarre manner. | 

The ‘pupils are equal and react to light and accommodation. There is no 
nystagmus. The optic nerves are normal. All of the motor cranial nerves 
are normal. The articulation is slow, jerky and uncertain. In addition to 
occasional myoclonic speech disturbance there.is slight dysarthria of cerebellar 
quality. 

The upper extremities are normal in them gross motor power and there is 
no tremor of the outstretched hands. There is however a slight ataxia on the 
finger-nose test, and а distinct tendency to dysmetria and а very typical 
dysdiadokokinesis of both arms and fingers. There is also slight hypotonia. 
of;the musculature. The Stewart-Holmes sign of hypotonia is absent. . 

On ariging from a sitting posture’ there is a certain static ataxia and a 
tendency y tor alance the trunk. In walking the legs are spread somewhat and 
there, is a moderate degree of cerebellar disorder of progression which is 
especially obvious on turning corners or turning round suddenly. 

In the recumbent posture the heel-knee test shows a moderate degree of 
dysmetria. There is however no obvious hypotonia. On elevating both 
arms and legs in the recumbent posture, with the eyes closed, there. is no 
ataxia, 

The tendon reflexes of both upper and lower extremities are present and 
equal on the two sides, viz., the supinator, biceps, triceps, knee jerks and Achilles 
jerks, Sensation, both superficial and deep, is normal. The spinal column 
is of normal contour and there is no deformity of the feet. The heart and 
lungs are normal. Abdomen is normal on palpation and percussion. ‘There 
is no.enlargement of the liver. There is no pigmentation of the skin or 
cornea, ‘Urine shows no abnormality. 

Comvmeni.—The case is of interest as representing a somewhat earlier stage 
of the dyssynergia cerebellaris myoclonica. Here again there is no family 
history of myoclonus-epilepsy or of a cerebellar disorder. 


Remarks.—The association of cerebellar dyssynergia and myoclonus- 
epilepsy ın this group of cases suggests the occurrence of two inde- 
pendent nervous disorders in one individual. Combined forms of the 
various congenital, familial and hereditary types of nervous disease are 
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by no means uncommon, sid these Luisa Dora аге especially frequent 
in the spinàl and cerebellar groups of system diseases. Hor example, 
Jendraasik [14], who has devotéd particular attention to this subject, 
records many such combinations. He mentions a combined form of 
Friedreich’s ataxia and muscular dystrophy, of spino-cerebellar ataxia 
and muscular dystrophy, and of Friedreich’s ataxia with Huntington’s 
chorea. Не also cites the occurrence of myoclonus in association with 
optic atrophy. André-Thomas [8] has also described а combined form 
of, olivo-ponto-cerebellar atrophy and spinal ataxia. 

Such combinations, However, are rare, and show merely a predis- 
position to the two disorders in the same individual, and would not 
necessarily indicate any essential relationship between them. 

On the other hand, little is known at the present time of the 
pathology and localization of myoclonus: Its occurrence, therefore, in 
conjunction with а special type of cerebellar disease, is not without 
interest, and may have a deeper pathological significance than would 
appear. й 

.  fioli (19], ina histological study of one of Rechtenwald’s cases of 
- myoclonus-epilepsy, found. raher widely disseminated „histological 
„changes. i 

їп ihe cerebellum: there were enormous collections of lipoid material 

in the region of the corpus dentatum in the white matter of the cere- 

`` bellar hemispheres and in the pons. There was also a considerable 
‘increase in the number of glia cells. The cells of the corpus dentatum 
were normal. In the cerebral cortex there was also an excessive deposit 
of lipoid material in the ganglion cells and glia. The glia cells and 
fibres were increased in the margind] layer. The cortical changes were 
all more conspicuous in the region/of-the central convolutions. The 
only alteration noted in the spinal cord was шш of Hellweg' B 
triangular bundle (olivo-spinal tract). | 

In the present state of our knowledge, while itis two disorders 
may be regarded as independent manifestations of two distinct disorders 
in the same individual, the possibility of a closer pathological association 

‘should be borne.in mind, and the cerebellar mechanism should be 
carefully considered; both clinically and pathologically, in all cases of 
so-called збо опкер реу 
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CHAPTER їп. ——Dxssvunno1A ККЕ M yOoLONICA, ASSOCIATED 


WITH FarsDREIOH' 8 ATAXIA. А ` 
{' “el 2 vp 


ба Clinica "Report оў Two Cases, One: with Histological Sid 
| 1 of the Central Nervous System. 


In the’ previous ‘chapter there was desctibed a" group of cases, 
characterized by' progressive dyssynergy, associated with myoclonus- 
epilepsy. In none of these cases was there any history of an hereditary 
or familial tendency to either disorder. 

In the present’ chapter I shall present another group of casés in 
which myoclonus-epilepsy and dyssynergia cerebellaris progressiva were 
associated with symptoms of Friedreich’s ataxia. , It is well known that 
the various cerebellar atrophies and degenerations are not’ infrequently 
associated with evidence of spinal’ cord involvement.  Friedreich's 


hereditary spinal ataxia and Marie’s - so-called hereditary’ ‘cerebellar. 


ataxia are classical’. examples of this association, and may exist alone or 
in combination. '"l'he progressive cerebellar dyssynergia 18 apparently 
no exception to this rule—it may exist alone or in com ination | with 
spinal D rae of the Friedreich’s type. 
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© t CASE б. 


"Summary: А man, aged 36, with. symptoms of scd: Bisa ‘since 
his twenty-first year. Previous to this there were symptoms of Friedreich's 
ataxia and, progressive cerebellar tremor, which steadily progressed. Patho- 
logical, study shows the’ typical spinal lesions of Friedreich’s ataxia nseonipted 
with a primary atrophy of the efferent dentate system of the cerebellum, ‘viz. 
considerable diminution : in number &nd extensive atrophy of the cells of ts 
dentate nucleus, with secondary ‘atrophic changes in the superior cerübo ar 

pedunoles.’: | | 

'The patient, в man, aged 36, single, was admitted to my service at the 
Montefiore Home and Hospital on April 15, 1918.: © ' e ud 

Family: history.—-Hià father is living and well. : Mother died 36,51} from 
heart disease. The, parents were not related. One brother died at age, of 2 
from pneumonia., ‚Не has, two other “brothers and, one sister living and in 
good healt т, Therp i is no history of tuberculosis, diabetes, epilepsy, or other 
nervous disease in the ‘family, with the exception of a twin brother’ ‘who is 
suffering from the same malady, and whose case: will be presenily' desoribed:" 

Previous hsstory.—Had measles in childhood. Was always moderate in 
the use of alcohol, coffee, and tea. Smoked cigarettes in moderation. Denies 
venereal infection. No history of trauma. 4 . 

Present sliness.—Began fifteen years ago with attacks of unconsciousness 
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and ‘convulsive seizgüres. Patient believes these attacks were, caused by fright 
following a burn. At the time of- the accident he was. incapacitated for some 

‚ weeks. The epileptic seizures increased.in frequency, and he sometimes 
fainted on the street and was carried:liome. А. few months later there 
appeared coarse jerky movements of ‘the extremities: The’ myoclonus jerks or 
starts came on gradually and steadily increased in severity and extent. 

Even in the-earlier juvenile period it was noticed that his manner of walking 
was awkward and uncertain, and this steadily increased. For: the -past ten 
‘years walking has been unsteady and difficult, speech has been slow and there has 
also: been some uncertainty in the use of the hands. He thinks that part of 
his inability to, walk is due to the fear of falling on account of the шуо 
Jerks and starts, which develop on making the slightest effort. 

For the past seven years his speech has been quite indistinct’ and for oat 
the same period of time he has had а marked volitional tremor of the hands 
on attempting to grasp an object. For three or four years he has suffered 
from very extreme weakness and unsteadineds of lower extremities and is tnable 

., bo walk. : Б es 
| During the whole course of the disease there have. been no subjective 
sensory disorders, such as pains or parmsthesiag, and there has been no diffi- 
'eulby with the control'of the sphincters of the rectum ‘ог bladder. ' States that 
he has not suffered from ' headache: He now wears dark glasses. constantly, 
"because any bright light increases the tendency to myoclonia. Héaring is not 
impaired. There-are slight evidences of mental impairment‘ and deterioration. 

His memory is poor, and his mental processes slow. He is азвтојона irritable 

‘and easily excited. ' 1 

^ Physical examinatron.Patient is confined to а E онар, апа is unable 

to stand or walk without assistance. He wears dark glasses and always seeks 

N quiet corner of- the ‘ward where there is no noise and no excitement. The 

\shtest muscular effort brings on a series of severe myoclonic jerks or spasms 

E him brusquely to and fro in his chair or bed. -Talking has the 

Ce as have also noises or any excitement. As a result‘of these con- 

‘motor shocks the patient shuns conversation and any social contact. 
N to be left alone and in quiet. ‘ 

ch is slow and typically scanning, and at times uneven and 

t is often interrupted by myoclonic jerks and starts in the trunk 

fnities, causing sudden: shock-like movement. His head is frequently 

backwards in „sharp retro- colic clonus, associated with quick flexor 

ements of extremities. This larger myoclonic phenomenon is frequently 

epeated during the course of the examination. Occasional facial grimaces of 

myoclonic type are also noted. These movements are all accentuated ‘by 

и ‘speech and voluntary movement. The clonic movements аге said to occasion- 

И ally persist in sleep, although: in much diminished form. There is a typical 

. and very marked intention tremor of both upper extremities which is asso- 

ciated with dysmetria and dysdiadokokinesis. On attempting to carry the 

finger tip to the nose the Hand is thrown into a violent ataxic tremor similar to 
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that observed in an advanced case of multiple sclerosis. All tremor movement  ' р 
of the arm immediately ceases іп a relaxed or recumbent posture. There are, 
however, occasional myoclonic starts at rest, which are increased by some: 
one entering the examination-room suddehly. The musculature of the arms 
is hypotonic, and the Stewart-Holmes sign of bypotonia is present in both 
upper extremities. 

Asthenia is present in Baila arms, viz., when the attempt is made to extend 
the arm from the body i in, abduction and maintain the abductive extremity in 
this position. It can be maintained for a very brief period only, the arm 
falling to the side, a symptom which may be observed in the шкан tremor 
of multiple sclerosis (asthenis or astasia). 

The arm jerks are difficult to elicit and the supinator, biceps and triceps . 
jerks are not definitely present. The abdominal reflexes are not elicitable. . 

The cremasteric reflexes are present on both sides. ГАтһе plantar reflexes are А 
present but diminished and of the flexor type (no Babinski). 

The movements of the lower extremities are extremely ataxic, bub in. 

‘addition to this there is on performing the heel-knee test a very marked 
intention tremor of both lower extremities. The legs are markedly hypotonic. — 
The knee jerks are absent and the Achilles jerks cannot be elicited. He can 
stand and walk only with assistance. The Romberg symptom, owing to the 
extreme ataxia, cannot be tested. In walking, the legs are lifted high and 
thrown outward in a very ataxic and uncertain manner and resemble the gait 
of advanced locomotor ataxia. There is no definite spinal curvature but а 
tendency to pes cavus is present. There is general emaciation and нш. of 
the musculature but no localized degenerative atrophies. 

Sensation.—Thore is a marked distürbanee of the deep sensibility of the 
lower extremities, and loss of the sense of position. ' The deep sensibility of ~ 

` the hands is also affected and there is a loss of the sense of position in р^ 

hands and fingers. The superficial sensibility to touch, pain and temperat 

is diminished over thé more distal portion of the lower extremities," 

nowhere abolished. The superficial sensation of tbe upper extre 

fairly well preserved. the only change being diminished acuity of p 

over their distal portion. Myotatic irritability of the musoles.is ^ 

somewhat increased. : i 
The pupils are equal and react to light and accommoda 

excursions are normal. There is no nystagmus. Hearing is n 

tongue is protruded in the median line; no atrophy and no tremor. 

tion of the palate is normal. The pharyngeal reflex is active.  Faciali 

vation is normal as well as that of the muscles of mastication. Jaw jerk 

not elicitable. The ophthalmological examination by, Dr. Tenner revealed N 

abnormalities. The fundi were negative. 

The heart and lungs are negative. Systolic blood pressure 110, diastolic 70: 
Wassermann test of blood negative. There are no pigmentary deposits of the 
skin or sclero-corneal margin. 

Since his admission to the hospital patient has had very active myoclonia, 
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"The head is ions suddenly backward, the face is convulsed with occasional 
myoclonic waves, the arms flex and jerk, the trunk is thrown forward and the 
‘legs are flexed and tossed about in a wild and random manner. There are one 
or two discharges and then a period of rest, although these rest intervals are 
of very short duration. It is necessary to bind patient'with a sheet to the 
‘chair, otherwise he would be thrown out, and even with this precaution the 
wheel-chair rolls around in a wild and reckless manner. This condition is 
very much aggravated by removal of the dark glasses arid the excitement of 
any examination. Any visit or conversation induces an extreme degree of 
myoclonia: This condition gradually grew worse, the patient dying of exhaus- 
tion a few ‘weeks later. 

Comments.—-This case differs from' those described in the previous chapter 
in two respects, viz.: the association with Friedreich’s ataxia and the familial 


( incidences, a twin brother suffering from the same disease. The first symptoms 


of the cerebello-spinal disorder made their appearance in the early juvenile 
period. The myoclonus-epilepsy did not become manifest until the twenty- 
first year. The presence of the spinal symptoms of Friedreich's ataxia would 
mask many of the typical symptoms of cerebellar disease. Fhe existence, 
however, of marked intention tremors and the scanning speech show very 
. clearly the existence of cerebellar involvement (cerebellar tremor) and this was 


` amply confirmed by histological examination. 


The éentral nervous system was subjected to careful histological examina- 
` tion, and revedled the typical spinal lesion of Friedreich’s ataxia, together with 
primary atrophy of the efferént dentate system of the cerebellum, viz.: diminu- 


‚© tion in number and atrophy of the dentate nucleus with atrophy of the superior 


cerebellar peduncles. (See report of Воюва examination.) 


- CASE 6. . 

Summary.— man, aged 29 years, the.twin-brother of Gase 5. Symptoms 
of dyssynergia’ cerebellaris and Friedreich’s ‘ataxia. for the past ten years, 
gradually increasing in severity. Myoclonia made its appearance five years 

„ ago and epilepsy is only of three years duration. 

History.—Patient is.29 years of age, the twin-brother of the case just 
described. He assists his father in business, who is à tailor by occupation. 
He resembles véry closely his twin-brother in face and stature, and states that 
_he has had symptoms of the same disorder for the past ten years or more. 
‘Before that he: could run and do anything that other boys were able to do. 
The condition has been very slowly progressive. 

.. It is characterized. by thickness of speech, ataxia and intention tremor of 

' the hands and arms, a certain awkwardness of the movements of walking and 
running апа the symptoms of myoolonus epilepsy. At times there is is а lateral 
tremor- movement of the head. 

For the past five years he has been subject to nervous shocks or starts, 

` which at first occurred only three or four times a day, but have steadily 
` increased in frequency and intensity. These attacks of myoclonus may 
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oceur m but more ‚ frequently accompany Жир at ' voluntary 
movement. They have never approximated sin severity those occurring in his 
brother's case. Efforts to talk are frequently accompanied by clonic " starts” 


and “jamps”. (myoclonus), usually only a single'rnovement which may involve , 


the arms, face, neck, trunk and sometimes the legs. 
Three years ago he had ‘his first epileptic seizure. At first these attacks 


коң 


were infrequent but have gradually increased in frequency and’ during the past >. 


year liave occurred as often as twice a week. In the seizures he is.moment- 
tarily unconscious and falls to the ground. The obscuration of consciousness 
is, however,‘of very short duration. .It is as, if his legs give way under him, 
‘and a darkness comes over his eyes, but he gets up immediately and goes on 
with what he was doing. There is no biting of the. ‘tongue, vomiting, or incon- 
tineticé. vd the sphincters, and so far as ‘could be learned no convulsive manifes-. 


tations. · ‘This is a type of seizure which I have referred to the statio or | 


posture vitm of motility—static epilepsy. It is characterized by a sudden 

loss of control of the static or posture mechanism of standing with transitory . 

‚ ‘obscuration of consciousness and without the usual conyulsive manifestations 
of epilepsy. . During the past few years his memory is not во good. There is ' 
no history of headache or ‘diplopia, and the special senses are unimpaired. . 
There is ho vertigo; no tinnitus aurium; no attacks of nausea or vomiting. : 

! "Physical examination (April 28, 1918). — He is of niedium height, slenderly 
built, and bears a very strong resemblance to his twin-brother. The pupils are : 
equal and réspond-promptly to light and accommodation. The ocular exeur- 
sions nre normal and there is no nystagmus. Motor innervations of the face, 

· tongue, soft, palate and) muscles of: mastication aré normal. The fundi: are 
оао At times, i in certain positions a lateral tremor of the head develops. 

| * The speech is dysarthric; rather slow and scanning’ and at times of в 
slightly explosive quality. The tongue is protruded in the median line; there 
ig по atrophy or tremor and the palatal, innervation гів normal. The jaw jerk ' 
ig not elieitable. Efforts to speak are often accompanied by mild clonic starts 
or ‘jumps, usually, only a single one, ‘which may involve the face, neck, arms, | 
trunk and sometimes the legs. The station shows x slight unsteadiness but 

' there is no special increase in this slight disorder.of equilibrium on closure of 
the eyes. There is slight awkwardness in walking, especially on coming to a 

, sudden, stop or on. turning corners. ~Theie is-a moderate scoliosis in the mid- 
dorsal region, with a slight, convexity towards the left. There is no muscular 
atrophy of the-&runk, arms or legs;and no ifibrillary twitching. Thero is, fo 
deformity of the feet (no pes cavus). . The gross motor power of the arms is 
normal. The movements, however, are awkward and ataxic and on attempting 


to carry out a volitional movement a typical intention'tremor develops, which ` 


is more marked'‘on the left side. The musculature of the upper extremities is |. 


moderately hypotonic and the Stewart- Holmes sign of hypotonia is present. 
. (Handwriting, p. 509.) 
The arm. jerks cannot: be elicited (supinator, ne or triceps jerks). ‘There 


is typical adiadokokinesis of both upper extremities. There is no loss of | 
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&ross.motor power in the lower ‘extremities and no evidence of muscular 
atrophy.- There is а moderate degree of hypotonicity of the musculature and 
the knee jerks and Achilles jerks are absent. The plantar reflex is of the 
flexion type (no Babinski). The other, skin reflexes, abdominal and cremas- 
teric, are-present and equal on the. two sides. 

On attempting to carry out the heel-knee test there are distinct evidences 
of dysmetria and of an ataxic disturbance, suggestive of the intention tremor 
but not so distinct as in the upper extremity. 

Sensation appears to be normal. The superficial sensibility to touch, pain 
and temperature is intact, and the deep sensibility of the toes is well preserved. 
The muscle pain sense on pressure is well preserved. 


Comment.—This case, like that of his brother, presents symptoms of 
dyssynergia cerebellaris ровен, myoelonus-epilepsy : and Friedreich’s 
ataxia in combination. ‘ 
^ According to the history, symptoms of cerebellar tremor and Friedreich’s 
ataxia made their appearance some years after the development of myoclonus 
or epileptiform seizures. It is interesting to note that the epileptiform seizures 
correspond to what I have termed the static type of epilepsy, viz., & gudden 
loss of postural or static control without convulsive manifestations. 

-That the disorder in which we are interested has also been encountered 
by other ‘observers is shown by the following extract from a case reported by 
Boschi [5] as ataxie héréditaire; paramyoolonus multiplex, type Unverricht. 

The patient was a man 46 years old, who at the age of 15 was subject to 
convulsive seizures and myoclonus, associated with a well. marked ataxic 
disorder, which had gradually shown a tendency to progression. There was 
in addition’ в very marked familial predisposition to the disease. The grand- 
father, father, and four brothers were all sufferers from the same malady. 

Physical examination’ ‘shows an ataxia of gait, of the movements of the 
trunk and of the arms. In both upper extremities there is present an intention 
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tremor. The speech is slow and dysarthric (bradylalia). The knee jerks are 
exaggerated and there is clonus. The pupillary reflexes are present but slow. 
The optic nerves are normal. There is a moderate mental defect and typical 
myoclonus of the Unverricht type. К 

The case, which is very briefly recorded, would seem to resemble Cases б 
and 6 of my serios: dyssynergia cerebellaris myoclonica with Friedreich’s 
ataxia. It is interesting because of the striking hereditary nature of the 
melady; which was absent in my series of cases. 

Undoubtedly other cases have been observed and recorded, but, with this 
single exception, I have encountered in the literature no other examples in 
which myoclonus-epilepsy was observed in conjunction with evidence of в, 
cerebello-spinal disorder. | ' 


PATHOLOGICAL STUDY oF CASE 5. 
Autopsy Report. 


The autopsy was performed thirty-eight hours after death, by 
Dr. J. H. Globus, Pathologist to the Montefiore Home and Hospital. 
His report is as follows :— | ` 

The body was that of & poorly developed male, 160 cm. in length. 
Skin thin, dry, pale, with several decubitus ulcers over lower sacrum, 
under the anterior superior spine of ilium and over internal tuberosity 
of right tibia. 

The regional lymph nodes were normal in size and slightly palpable. 

External genitalis were undeveloped, otherwise normal. 

_ Scalp was free of hair and mottled with numerous small superficial 
ulcerations. Rigor mortis had disappeared. 

On incising abdominal wall, a very small quantity of subcutaneous 
fat was found. On opening peritoneal cavity no adhesions; no fluid 
encountered. “ 

Abdominal viscera were found in normal relation to each other and 
in normal position. No fluid and no adhesions in thoracic cavity. —— 

Lungs, rather voluminous and collapsed only to slight degree. The 
pericardial cavity was opened after the removal of a thin layer of fatty 
thymus, and was found free of fluid and adhesions. 

Heart, small sized and contracted ; weighs 190 gm. 

Length of heart, 9 cm. 

Muscle bundles of fair size and consistency and of greyish-brown 
colour. Snb-epicardial fat decreased in amount. АП valves intact and 
normal ір size and thickness. 

Lungs: Right weighs 600 gm., voluminous, covered by smooth 
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‚ glistening moist pleura of dark purple-greyish colour. It i& interrupted 


here.and there by accumulation of exogenous pigment. On cut section 
presents a dark purple surface throughout the three lobes of the 
lung, markedly increasing in consistency, and with numerous dark 
brownish patches scattered throughout the surface. On pressure, a 
frothy pinkish fluid is expressed from the alveoli’ bronchi. не BCars, NO 
calcareous deposits are made out. : 

Left lung: Weighs 500 gm. ; presents a similar picture throughout 
its lower lobe, which is also markedly congested, showing several small 
patches 'of consolidation and permits, the escape of a pinkish, sero- 
.sanguineous fluid from the alveoli. The upper lobe of left lung is well 
aerated, of a bright pink colour, collapsed, showing no. pathological 


.ohanges whatsdever. 


Liver: Weighs 1,100 gm.; below average in size; surface covered 
by thin, glistening capsule of a greyish-yellow colour. Cut surface is 
of a greyish-cream colour. Consistency , markedly reduced, lobulation 
indistinct. Iodine test negative. р 

Spleen: Weighs 100 gm., small size capsule, thickened and wrinkled. 


“On cut section surface 18 of а brownish-red colour. Trabecular and 


Malpighian corpuscles are distinct. 

Kidneys :. right weighs 120 gm. ; left weighs 110 gm. 
` -Both present similar picture. They are of small size. Capsule 
strips with ease, leaving a smooth-greyish-yellow surface. Consistency 


markedly diminished. On cut section medulla is of normal size, cortex 


reduced in amount. Aside from a pale yellow colour, no definite 
pathological changes. ` 

- Adrenals: right rather well preserved ;. left shows a soft medulla 
with в congested central vein. : 

Gastro-intestinal tract: the stomach is normal. i 

Small intestines are collapsed ; mucosa shows several patches of 
marked congestion, otherwise normal. 

, Large intestine is filled with greenish fluid, on the removal of 

_which a thickened mücosa with numerous small, deep, clean ulcers 


Ж “scattered throughout the length of the large intestine. The ulcers 


measure from З to 5 mm. in diameter, irregular in, outline, rather deep 
seated, base clean and glistening. ‘They become more numerous in the 


lower portion ‘of the large intestine. 


. Pancreas is normal. 
' Blood-vessels are rather sttikingly free of arteriosclerotic changes, 
very elastic. but somewhat reduced in circumference. 
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Bladder is markedly distended, muscular walls stretched, mucous. 
membrane pale, showing a few petechial hemorrhages. 

Testes are small and soft; tubules easily pulled out ,of supporting 
tissue. , 

Prostate is apparently normal: 

Neck organs: Right thyroid is twice the size of left, consistency 
normal. Three parathyroids measuring 5 mm. in diameter, oval in 
outline, were removed. 

Larynx, normal. 

Œsophagus, normal. 

Brain is of moderate size, shows no apparent reduction in the 
prominence of the gyri. Several white opacities are seen in the 
meninges of the cerebral hemispheres. The vessels of the cortex and 
circle of Willis are normal. . 

Spinal cord was found to be of average size. Meninges appeared 
normal; there was no section evidence of degenerative atrophy in the 
posterior columns, but no other:changes could be made out. ` 

Microscopical examination of the viscera (Dr. J. H. Globus) :— 

Lungs: Alveoli are crowded with red blood cells and polymorpho- 
nuclear leucocytes. The lining epithelium is desquamated, the blood- 
vessels in the walls are markedly congested. Bronchial tubes have lost 
their membrane lining, the lumen filled with desquamated epithelium— 
polymorphonuclear leucocytes. The wall shows marked congestion of 
blood-vessels. Ў 

"The liver is normal. 

‘Spleen: trabecule prominent, walls. of noisa markedly 
‘thickened, Malpighian corpuscles in large numbers, fine size, blood- 
vessels engorged. 

Kidneys, normal. 

Pancreas, normal. 

Adrenals, normal. 

Thyroid: alveoli filled with pink staining colloidal matter. Lining 
epithelium of alveoli extremely thin, Their ‘cellular structure can 
hardly be ‘made out. { 

Spermatic cord, normal. e 

' Prostate: alveoli are few in number, few concretions present. 

‘Colon: several small abscesses opening on the surface of the 
mucoge are found extending deep into the submucosa. 

Skeletal muscles : muscle fibres gmall in calibre, fragmented stria- 
tions indistinct, nuclei few in number and pyknotic. 
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Fig. 1.— Cross section of the medulla oblongata, at the level of the pyramidal decussa- 
tion. Weigert-Pal stain, showing atrophic changes in the tracts of Goll, Burdach and the 


spino-cerebellar tracts. 





Fig. 2.—Medulla at the level of the inferior olive, showing atrophy of the spino-cerebellar 
tracts. e Sag tracts, the fillet, and the inferior olive and olivo-cerebellar fibres are 


well preserv 


by’ 








Fic. 3.— Vertical section through cerebellum and pons, at the level of the intrinsic 
cerebellar nuclei. The peduncles and arbor vitæ of the cerebellum are well preserved. 











Ето. 4.— Cross section through the pons at the level of the trochlear decussation. Note 
the marked reduction in the fibres of the superior cerebellar peduncles and especially the 
atrophic changes in the region of the peduncular decussation. The pontine fibres constitug- 
ing the stratum superficiale and the stratum profundum are well preserved. 
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Fic, 7.—Cross section through the interbrain show: 


ing the corpus striatum 
and optie thalamus. 





Fic, 8.—Section through the cerebellar hemisphere showing normal arbor уй 
and cerebellar cortex, 
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У E inus. бе Clarke were strona: and there were falas some changes 0; i 
the area occupied by the spino-thalamic tracts. 


A There was no definite atrophy of either the direct or diocl pyra- 
ша! iracts and the slight pallor in certain ‘areas I would ascribe to 








Fic. 11.—Hematoxylin-eosin. The corpus dentatum of dyssynergia cerebellaris 1 
elonica showing DAD atrophy and diminution in number. a the cells of the 
olive, - (Primary atrophy of the dentate system. ) 
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motor “cells of the corpus dentatum of'the cerebellum and of their 
‘efferent neurones in ‘the superior cerebellar peduncles. There was no 
atrophy of the other cerebellar systems, and none of the nucleus ruber. 
The legion was, therefore confined to this short and very important 
internuncial zommon path which conveys the motor impulses of cere- 
bellar origin to the spinal pathways. 

‚ The lesions were therefore both spinal and cerebellar. The spinal 
lesion i is that. common to Friedreich's ataxia; the cerebellar lesion I 
would regard as a special form of system disease, viz, primary atrophy 
of the efferent dentate вузбеш of the cerebellum. 


CHAPTER IY.—Primary ÅTROPHY OF THE EFFERENT DENTATE 
' SYSTEM AND ITS RELATION to DYSSYNERGIA CEREBELLARIS 
PROGRESSIVA (PROGRESSIVE CEREBELLAR TREMOR). 


Anatomical Considerations. . 


` The sercholium is an extremely complex ‘ganglionic structure, 
having massive and important connections with the spinal cord, brain 
stem and the cerebrüm. -It has an elaborate convoluted cortical struc- 
ture, composed of various. cellular and association layers, as well as 
cominissural systems and peduncles. · The inferior and middle peduncles 


` are composed of afferent fibres on their way to-the cerebellar cortex. 


‘The infe-ior. cerebellar ‘peduncle or corpus restiforme consists of 
two divisions, &'spinaland a bulbar. Among its constituents are the 
direct cerebellar tract; the anterior and posterior arcuate. fibres of the 
nuclei of Goll and Burdach olivo- cerebellar fibres ; fibres from the 
‘nucleus lateralis and nucleus ола of the medulla; and the nucleo- 
cerebellar tracts consisting of fibres passing from the cranial nerve 


i nuclei of the pons and- medulla. 


à 


The chief constituents of the middle cerebellar peduncle or brachium 
pontis ате: (1) the fronto-ponto- cerebellar tract; · (2) the temporo- 
ponto-cerebellar tract ; (3) the occipito-ponto-cerebellar tract; and (4) 
the parieto-ponto-éerebellar tract. According to Tilney and Riley [6] 
these fibres originate in cells of the frontal, temporal, occipital and 
parietal lobes respectively. ‘They descend through the internal capsule 


` and the cerebral peduncle to end in the, cells of the pontine nuclei. 
^ From these cells arise the. ponto-cerebellar ‘fibres which decussate in 


^ nd pass to the cerebellar.hemisphere of the ‘opposite side. 
erior peduncle, on the other hand, is essentially efferent and 
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motor in fonction, providing the principal pathway ‘for, the distribution р 


of cerebellar impulses to the muscular system. 

This system of fibres, together with its fellow of the к side: 
undergoes 'a complete decussation before reaching the red-nuclets. of 
the midbrain. Its chief. constituents are the cerebello-rubral tract 
апа the cerebello- thalamic tract. It also contains & а 
tract. . T : 

The efferent "fibres coinposing the superior cerebellar peduncle arise 
' in cells of the, intrinsic nuclei of the cerebellum. These are the dentate - 
nucleus, the nucleus globosus, the’ embolus, and ‘the ‘nucleus tecti. 
Efferent fibres from the nucleus её also pass in the juxta-restiform 


body to the.motor cranial. nerve nuclei of the brain-stem. (cerebello- : 
nuclear fibres). .The dentate nucleus is related to the neocerebellum ` 
or hemispheric system. _Phylogenetically, it coincides in development . 


with the cerebral cortex., The other intrinsic nuclears ате older and are 
related to the- paleocerebellum or vermian. system. . 

“All of the efferent fibres arising in cells of the intrinsic nuclei- I 
would include under the general heading of. the ‘efferent dentate system. 
Those originating in the paleocerebellar nuclei may be distinguished” , 
as the paleodentate system and those belonging to the déntate nucleus, 
proper as the neodentate system. Dom * 4 

"This wonld simplify our existing е for the ~ v&rious con- 
stituents of the efferent ‘cerebellar system (cerebello-rubral, cerebello- 
thalamic; and cerebello- tegmental system), and is justified by ‘their 
morphological and functional identity. The term dentate is chosen, 
as the various efferent fibre-systems of the cerebellum ‘all take their 
origin in the intrinsic nuclei of the cerebellum, of which the dentate 
is the chief constituent. This, the more recent acquisition in the 
phylogenetic sense, represents the: neodentate system, in’ contra- 


distinction to the paleodentate system, which takes its origin in the . 


older nuclei. 


2 
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Pathological боти ations. ` > 


In Chapter II I have described in some detail.» group aic савев 
characterized ‘by symptoms of-a progressive cerebellar disorder, associated 
with myoclonus-epilepsy. . 

In Chapter ITI а similar group ‘of. cases was reported in association 

-with Friedreich’s ataxia. In one of these’ cases with apone of a- 

‚ сегеЬеПо- -spinal ‘involvement, a careful histological study мар = 

‘the central nervous system; with: the following, regulis : — / 
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The spinal cord showed the typical lesions of Friedreich' s ataxia, 

| which represented the pathological basis for the spinal symptoms of 

the disorder. ' A-careful examination of the cerebellum and its con- 

, nectiéns revealed in addition an atrophy of the cells of the dentate 
nucleus and of the superior peduncles of the cerebellum. 

· The nature of the atrophic process and the strict limitation of the 

lesion to a special group of neurones are characteristic of a system 
disease. This condition I believe is a primary atrophy of the efferent 
dentate system of the cerebellum, and the cause of the cerebellar 
portion of the symptomatology. 
~. Atrophic changes in the cells of the dentate nucleus in cases of 
Friedreich’s afaxia have been previously described by Spiller [20], and 
also by Thomas and Durupt [4], in association with other lesions of 
this region. In the case recorded by Thomas and Durupt there were 
in addition to;atrophy of the dentate nucleus pathological changes in 
the red nucleus, the fillet and the posterior corpora quadrigemina. 

Like the spinal cord, the cerebellum shows a special tendency to 
various types of congenital defects and system diseases. These may be 
limited to the cerebellum but are often combined with spinal cord 
changes, and represent a group of cerebellum-spinal disorders. Pro- 
minent among these are the hereditary spinal ataxia of Friedreich, and 
the hereditary cerebellar ataxia of Marie, which may be present alone 

- or in combination. In this disorder the lesion of the cerebellum is 
usually a general atrophy of the whole organ, which appears much 
` reduced in size. 

In: addition to this more general type of cerebellar atrophy many 
more circumscribed, forms are recognized, in which the lesions are 
limited to certain special systems of the cerebellar mechanism. 

\There is, for example, the olivo-ponto-cerebellar atrophy of Dejerine 
and, Thomas [6] in which the atrophic lesions are confined to the 
inferior olive and its cerebellar connections, the pontine nuclei, middle 
peduncles of the cerebellum and the cerebellar cortex. All of the 
intrinsic nuclei of the cerebellum and the superior cerebellar peduncles 
are intact. This type is neither congenital, hereditary nor familial 
and: appears only in later life. 

Then there is a type described by буйра Holmes [9], the olivo- 
cerebellar type of cerebellar atrophy. In this form there is atrophy of 
the. cerebellar cortex, the inferior olive and the olivo-cerebellar tract. 
The pontine nuclei and middle peduncles, and the intrinsic nuclei and 
superior cerebellar peduncles are normal. This form differs from the 
preceding i in ‘its familial incidence. 
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Still another type has been added by Le Jonne and Lihermitte [15], 
the olivo-rubro-cerebellar atrophy. This form is characterized by 
atrophy of the inferior olive and olivo-cerebellar fibres, but also include 
the intrinsic nuclei, the superior cerebellar peduncles and the cells of 
‘the nucleus ruber. The structure of the cerebellar cortex, the ee 
nuclei, and middle peduncles ате intact. 

The lesions in all of these types are those of dimple atrophy which 
' characterize & system-disease, and consist of primary degeneration of 
the parenchyma with secondary proliferation of glia. 

In addition to the cerebellar -system diseases there are algo pure 
cortical types of cérebellar atrophy in which the degenerations are 
limited to the finer structures of cerebellar ‘cortex (cells of Purkinje 
and granular layer). ‘ Such cases have been described by André- 
Thomas [1] and Rossi [17], and present the typical clinical picture 
of cerebellar disease. " | 

At the present time we may recognize:therefore the following 
pathological types of cerebellar atrophy. The cerebellar cortical type 
of André-Thomas, the :olivo-ponto-cerebellar ‘type of -Dejerine and 
Thomas; the olivo-cerebellar type of Holmes,- and olivo-rubro- 
cerebellar type of Le Jonne and Lhermitte. 

To these various types I would add the primary atrophy of the 
dentate system (figs. 9 and 11). This is а system disease characterized 
by atrophy of the cells of the dentate nucleus (neodentate system) and 
thinning of the superior cerebellar peduncles. All other important 
structures of the cerebellum, the cortex, the olivo-carebellar and ponto- . 
cerebellar systems are intact.’ In’ this group of cases the symptoms 
of a cerebellar disorder are much more evident in the co-ordinated: 
movements, of the extremities than in those of the trunk. The cere- 
‚ bellar or intention tremor which was present .іп greater or lesser 
degree in all of the cases was a characteristic symptom. "The dys- 
synergia is, therefore, of theappendicular rather than the axial type. In 
this respect differing from the massive trunkal involvement of many 
other forms of cerebellar atrophy. 

There already exists in medical literature a number of isolated facts ` 
tending to show the close connection between, whai I term, the dentate 
system and the cerebellar or intention tremor. The relation of the 
intention tremor to the cerebéllo-rubral system was emphasized some. 
years ago by Gordon Holmes [8], based on numerous clinical and 
pathological observations. , Sander [18] andr Touche [22] have also’ 
reported cases of intention tremor in association with lesions of the 
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dentate nucleus. In the ‘experimental field, the work of Ferrier and 
Turner [7] on monkeys has also shown the relation of the cerebellar 
or intention tremor to the efferent cerebellar system. After section 
of the superior cerebellar ,peduncles these investigators observed : 
:“ Except when quite at rest, a constant tremor in the homolateral атп 
and leg which passed into larger oscillation on volitional effort The 
' limbs were the stretto of fine tremors which became amplified on 
exertion." 

As the pathologiéal changes i in the case just ‘recarded are limited to 
the neodentate system of the cerebellar mechanism, it is but natural 
that the more recently acquited and more highly differentiated motor 
activities should showythe greatest degree of involvement. It 16 for 
this reason I believe that the affection is predominantly appendicular in 
iis, manifestations and the interition tremor so conspicuous в symptom, 
ihe neodentate portion of the efferent cerebellar system showing п 
greater vulnerability to abiotrophic degeneration. 

In this respect, there is a certain similarity to another system 
disease which I have described in relation to the corpus striatum, viz., 
the primary atrophy of the efferent pallidal system [11]. 

This disease represents .a primary or essential form of paralysis 
agitans. The. pallidal system, like the dentate system, is & common 
pathway and serves for the transmission of all motor impulses from the 
corpus striatum. In this form of paralysis agitans the earliest involve- 

ment is usually of the extremities, which is probably due to the initial 
atrophy ‘of the pallidal cells of:the neostriatum (neopallidal cells). I 
believe, therefore, in the cerebellum as well as in the corpus striatum 
we must recognize the existence of an internuncial common pathway 
‘for the transmission of efferent impulses. Both systems may be the 
seat of abiotrophy i in the sense in which this term was used by Gowers. 
One i is the primary atrophy of the pallidal system causing the primary 
or essential form of paralysis agitans. The other 1s primary atrophy of 
ihe dentate system causing the primary or essential form of dyssynergia 
cerebellaris progressiva. In addition to these manifestations of primary 
atrophy, secondary and symptomatic forms may be кеседа, caused 
i "by tumoùrs, inflammatory and vascular lesions. 
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CHAPTER V.—THE RELATION OF _THE CEREBELLUM TO THE STATIC. А 
ов PosTÜRE System оғ MOTILITY. 


All investigators have recognized the important rôle played by the : 
cerebellum in the control &nd.regülation of motility, its- influence on 
muscle tonus, equilibrium and the co-ordination of movement. The 
trend of modern opinion, under the leadership of Babinski, has been to 
| group all cerebellar symptoms under ‘the general heading of synergia. 
` According to this ‘conception, which is now generally accepted, the 
essential function ‘of this important’ structure is the regulation of the 
synergies of movement, and synergia is regarded as the principal func- 
tion of the cerebellum. And yet, notwithstanding this recognized rôle 
in the control of movement, there ів much that the prevailing theories 
of cerebellar function have failed to explain. і 

In the course of previous investigations on the subject of motility I 
reached the conclusion that the-efferent nervous system is susceptible ' 
of division into two separate components which I termed the static and - | 
kinetic systems [12] [13]. Asthis conception has an important bearing 
on the interpretation of cerebellar symptoms а brief. outline of its chief 
ки may be given here. 

: According to this view, motility is КҮЛ, by two distinct com- 
ponents, each. represented throughout the entire'efferent nervous system 
by separate neural mechanisms, which are physiologically. and anatomi- | 
‚саШу distinct. One is thé movement proper, which is subserved by the 
kinetic system (motion system). The other represents that more pas- 
sive form of contractility which we recognize in tonus, posture and 
equilibrium. and is subseryed by the static system. (posture-system). _ 

The term static is used to designate that peculiar property of the 
muscle fibre: by. which it becomes fixed in posture. “In the reflex 

nervous system this is manifested ‘by postural tonus and , at the higher ' 
levels by various postures and attitudes. : . 

There are many reasons for the assumption that the kinetic system 
is related to the anisotropic . discs and the static system to the sarco- 
‘plasm of the muscle fibre, as these elements differ in structnre, innerva- 
tion, mode of contractility and metabolism. . 

` There are also reasons for the assumption that the Ыйбаа 
of movement into posture ‘is ‘effected by fixation of the sarcoplasm 
which converts the contractile muscle fibre from a kinetic into a static ' 

mechanism. | 7 1 

Therefore, movement is subserved by a kinetic, add posture by a 
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static mechanism, the two systems supplementing one another and 
working together in harmony. For every movement starts from pos- 
ture,-is accompanied by postare, and terminates in posture, posture 
following movement like a shadow. At the same time, the postural 
‘mechanism exercises a stabilizing influence upon the course of move- 
ment itself. D 

Motility as it is observed in animal life may be divided more or less 
arbitrarily into three distinct: groups, viz., reflex, automatic-associated, 
and isolated-synergic or dissociated types of movements. 

All of these forms of movement are intimately associated with that 
‘other component of motility which we term posture, and the same pos- 
tural groups may be recognized as in: the classification of movement, 
viz., reflex postures, automatic-associated postures and isolated-synerguc 
types of posture corresponding to their respective motion mechanisnis. 
And it may be stated as a general principle that there is no form of 
motility from the simple reflex to the most skilled and individualistic 
type of movement which functions without a corresponding static or 
posture mechanism.’ 

The essential integrating and correlating mechanism for the control 
of the static function of motility I believe to be the cerebellum. Afferent 
impulses from the: periphery and efferent impulses from the cerebral 
cortex pass to this organ before their final distribution by way of the 
cerebello-spinal system to the posturing or static mechanism of skeletal 
muscles. .. . : 

' The older cerebellum stands in relation to what may be termed the 
' paleostatic system which controls the older static or postural functions 
of “ automatic and associated type.” It takes its origin in the older 
nuclei of the vermis cerebelli (N. fastigii, globosus, emboliformis). 

The cerebellar hemispheres, on the other hand, regulate the higher 
postural functions of motility through the medium of a neostatic 
system, whichitakes its origin in the cells'of the dentate nucleus. The 
neostatic system is controlled from the cerebral cortex by special tracts 

. which connect the various regions of the cerebral cortex (frontal, parietal, 
temporal and occipital) with the dorsal and ventral nuclei of the pons 
varohi, and thence to the opposite hemisphere of the cerebellum. 

US Ce posture, ав in movement, no sharp line-of demarcation can be 

drawn between the various $урев, 25€ one group merges imperceptibly 

into another., | | 

Tt ig interesting to observe that all posture systems, neostatic as 


well as paleostatw, pass to the cerebellum for final integration and 
Ы dos , 
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symptoms of cerebellar disease, may be referred to а disorder of posture 
synergy which: prevents the posture and motion systems from acting 


| together in harmony. The decomposition of movement represents 
.therefore an effort to compensate for the loss of the posturing 
+. mechanism. 


Hypermetria and dysmetria- of cerebellar origin may also be 


` explained by a failure of the posture system іп its function of guiding 


and checking movement. For in any co-ordinated act, posture formule 
ате as necessary ав motion formule and play an important rôle in 
giving stability and direction to movement. The checking of move- 
ment and its fixation in posture is also an essential function of the 
static system. | А 

Adiadokokinesis may likewise be ascribed ios в disorder of the static 
mechanism, the rapid succession movements which characterize this 


‚ disorder being’ dependent upon quick fixation and sudden release of the 


posture’ méchanism. 

The cerebellar or tanon tremor is a particularly striking example 
of a disorder of the posture mechanism. When a patient presenting 
this symptom. attempts а movement, the extremity passes into coarse 
ataxic oscillations which increase in intensity as the object is reached 
and the extremity tends to become fixed in posture. There is a coarse 


- ataxia and tremor-like oscillation not only during the passage of the 


movement, but also during attempts at fixation. It is particularly at 
the end of the movement when the extremity fends to become fixed 
in posture -that the intention tremor is often most active. This 
characteristic ;of the intention tremor is, due to & posture asynergia, 
and serves to differentiate it from other forms of purely kinetic 
ataxia. - . 

Cerebellar: nystagmus may also be mentioned as representing a 
similar mechanism. Here again the movements increase when the 
attempt is made to fix them in posture. 

Very interesting is the influence of the vestibular mechanism on the 
posture system ‘of skeletal muscles. Barany has shown that all move- 
ments, trunkal and appendicular, are under a certain labyrinthme 
control. This is shown by the ш. the pass-pointing and 
falling tests. 

In brief then, while asynergia may be regarded as the fundamental 


‘symptom of cerebellar disease, I would limit this conception to posture 


asynergia, which is a disorder of the static or posture system of 
motility. ` 
BRAIN.—VOT, XLIV. . 35 
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progressive ın its evolution. Fundamentally, however, both types are 
very similar and are united by transition forms. 
The relation of the cerebellar disorder to myoclonus-epilepsy in the 
. group of cases which I ‘have described 18 quite obscure and in the 
‘present state of our knowledge but little light can be thrown on this 
question. It is quite possible that the. combination is only accidental 
and. represents thé association of two independent nervous disorders in 
a predisposed ‘individual. Such, combinations in the realm of neuro- 
pathology are by no means uncommon. Nevertheless, I think that one 
should not be too hasty. i in concluding that here is a mere combination 
of separate clinical entities. We know so little of the underlying cause 
. and pathology of myoclonus and its relation to the various structures of 
the central nervous system that the possibility of a form related to the 
static or ‘posture system should be considered. It is conceivable, for 
example, that sudden breaks in the continuity of postural control or 
synergy might express themselves in terms of compensatory movements 
of a myoclonic type. ` 

Interesting: in this connection are the peculiar epileptiform attacks 
which occurred in two of the cases, which I have termed static seizures 
These attacks are characterized by sudden loss of postural control 

` without convulsive: manifestation and, are accompanied by slight 
transitory obscuration of consciousness. "The patient without warning 
plunges suddenly to the ground, apparently from a sudden cessation of 
postural control. These attacks are so sudden and the fall so immediate 
that; i injury is very likely to ensue. There are no muscular spasms and 
the patient rises almost immediately. The blurring of consciousness 15 
often only motnentary; indeed in some of the. attacks consciousness is 
apparently unaffected. С 

' In addition to the clinical bns: termed dyssynergia cerebellaris 

myoclonica, а similar complex of symptoms was' observed in another 
group of cases associated with the spinal symptoms of Fredreich’s 
ataxia. These, however, were of the family type, two cases occurring 
in one family.’ Mention was also made of an observation recorded hy 
Boschi showing that such: combinations of symptoms, while rare, are 
not unknown in medical literature. 

In one case, belonging to this group, а careful histological study was 
made of the central nervous system, which revealed the typical spinal 
lesions of Friedréich’s ataxia, in conjunction with & peculiar type oí 
system atrophy of the cerebellum, which I termed primary atrophy of 
the dentato system. The atrophic changes involved only the cells of the 
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corpus “dentatum. and the fibres of the superior cerebellar pedur 
. The pathological changes were therefore limited to'the cells and f 
of a special system of neuronés, which because'of their relation tı 
· dentate nucleus was termed the dentate system. All other. structur 
: the, cerebellum were normal. 
To the other recognized system atrophies of the cerébellurn, viz. 
_ cerebellar cortical’ atrophy,: the ‘olivo-ponto- cerebellar atrophy ; 
olivo-cerebellar atrophy and the olivo-rubro-cerebellar atrophy, F w 
айа the'atrophy of the dentate system, which is a primary atrophy ‹ 
chief efferent system. The association of this form of cerebellar atr 
with Friedreich's ataxia is not кошын in view of the frequenc 
cerebello-spinal combinations. 

The cerebellar portion of the aonair of dyssynergia 
bellaris myoclonica I would refer to the atrophy of the efferent de 
system. In the present state of ‘our knowledge it is difficult, if 
impossible, to refer general - cerebellar symptoms to special parts о! 
cerebellar mechanism. And it is generally held that the various t 
of cerebellar atrophies mentioned above cannot be distinguished . 

.certainty on thé basis of theiri. cerebellar symptomatology alone. 
other words, asynergia is the characteristic symptom of ceret 
‘disease, no matter , which . portion pe ihe cerebellar mechanist 
involved. : 

At is, therefore, Е some besitation that I diecast the early apy 
ance and predominance ‘of appendicular ' asynergia and’ especially 
cerebellar tremor as perhaps characteristic of this type of сеге} 
disease (primary atrophy of the dentate system) and yet these wer 
characteristic features of the clinical type under consideration. 

Some years ago I described a primary system. disease of the ec 
striatum which, was associated with, the symptomatology of pare 

; agitans. The lesions consisted of atrophy of the large rhotor or pa. 
cells of the corpus striatum, and of their efferent fibres ii the 
‘system. The disorder was called primary atrophy, of the pallidal ays 
This I regarded as-thé primary and essential-form of paralysis ag 
and all, other clinical manifestations of the disease as secondar 
symptomatic in nature due to  vasculàr, inflammatory, and neop) 
‚ lesions. ` 
`А similar differentiation. may ba Баг: їп the. case of the,cerebe 
and its efferent pathway, the dentate system. This may be the se 
a primary atrophic process producing the characteristics-of a сеге 
disorder (primary atrophy of the dentate Куна: ‚ This “system 
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ао, be thé a seat of | Becondary or symptomatic involvement from tumours, 
‘inflafimations and vascular lesions. . The intention ‘tremor of multiple 
‘selgrosie-ia à 8 syinptomatic manifestation, of involvement of this system. 
"Primary atrophy of the pallidal ‘gystern-is, therefore, a disorder of a 
kinetis mechanism, giving rise ‘to the symptomatology of paralysis 
' agitans. , Primary atrophy of the dentate system is & disorder of a 
. static mechanism, giving rise to ше дару Us акеле 
' cerebellàris.. Eg 30.24 
à ‘In the final chapter b presented ‘my’ views: ón the pem of the 
: Жош: апа itè- relation tó the static system of motility. According 
. to’ ів concéption. the- funetion*of- the cerebellum is the control of- the 
' posture” synergies of movement, Motility is. subserved ‘by two com- 
ponents throughout the whole’ of the. efferent system, ‘a kinetic or 
р motion system. and a static or posture, system, both Torong together in 
harmony." - ` А i 
~ Motility, башк «равй. m contractile вва is therefore & 
‘compound of movements and, postures, Movement is the active ċom- 
ponént which., propels. the organism or parts of ‘the organism in space, 
the ‘peripheral contractile mechanism, of which is represented in the 
‚ anisotropic ‘discs of the striated muscle fibre’ Posture is that more 
- passive component which is represented i in tonus and attitudé. It tends 
to counteract the forces of gravity and. the effects of atmospheric pressure 
_and maintains the organism i in а state of ‘static equilibrium. The peri- 
pheral, orgán of this mechanism is the: *sarcoplasm of the. muscle fibre. 
This igyster, also’ plays an important | róle in the guiding, checking and 
"fixation ‘of inovement., ' The; various symptoms of cerebellar disease 
whith- ‘aré »groüped: under. the: general heading of  asynergia may be 


attributed юв disorder ‘of ‘this. mechanism», ` Т 
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PA. Ay ER problems, presented Ъў ‘potebellar jésiona, whether experimen- 
Кы : tally ‘produced’ or the result. of! disease in man, have been the: ‘subject of 
. miich, earnest research ever siice/Flourens published his élassic observa- 
to : tions, a сешйту: ‘igo. ‘Perhaps nó part of the nervous system has been 
ae +more infensively ‘studied’ than“ the” cerebellum} "and yet the final analysis 
t, D n of Pits’ symplom!gomplex, and the. detéimination- of its functions have 
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: Both, в@ far: eluded’ U8. 4. К “ч б, A p i. 
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e “When we: Consider the coinplexity - be the ‘physiological ЕТА 
| ', iņvolved, it, is ‘perhaps not sürprisirig. that "we ‘have not, been able to 
| ; determine ihe functions, öf thibyòrgan, but. ít is more noteworthy that 
n ^ a вушрібт- -complex; BO ‘closely and | во’ épeafedly studied, should still be 
| n a о г váriously- -describéd and, é 86 "diyersely intétpreted. ' e AMT , 

| t Te. вбайёпко{' the abject who, seeks far some underlying basis of 
аса. in the’ удав. 'account&óf ' ‘the | ‘symptonii- ‘complex contained 
18, the , Yast literature. “of! the, cerebellum, is ‘as mach dismayed: by the 
LZ “redindant ; and- Slaborale: termińology. émployed &B by -the various and 


» conflicting: senses ш whiehtotie. ‘and the: same term, is, used by different 
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^ writers. - "Indeed, he does, not discover that this óppréssive and confusing | 


vocabulary conceals а very large «measure of agreement as to the facts 


of observation, until he discards’ it. Although the impression of con-' 


fusion and lack of precision obtained from the literature is in part the - 


‘fruit ОЁ а terminology loosely conceived, and still more loosely employed, 
it has its roots’ yet deeper in the fact that until recently the state of 


* 


knowledge did not permit of any. precise or accurate formulation of the . 


essential elements of she problem. When so little was known of the 
nervous processes underlying. the é0-ordination of moverent, ‘and while 
it was still thought that the cerebellum was concerned with the postural 


aspects of. sensation, a certain vagueness of thought was inevitable.. 


When we recall the severe handicaps under which the’ pioneer · workers 


- 


“laboured in thig respect, we cannot ‘but: admire the scope and accuracy А 


of their observations. ..' ~ 


However, within the past’ twenty-five years, -the classic: жыра T 


of Sherrington. and their development by Graham Brown, Magnús and | 


others, have placed at our disposal a beattiful series of minute analyses 
of the modes of nervoas activity, particularly i in respect. of the co-ordina- 
tion of movement and of posture, In consequence, the módern student 
of the cerëbellum has an immessurable advantage over the investigator 
of the last century. We сап approach the problem with more precise 
conceptions of the processes concerned in the, co-ordination ‘of move- 
ment, and with a scientific nomenclature in which to: express our con- 


clusions. Moreover,it is now possible to re-survey the earlier obser- 


-vations and, in the, light of recently acquired, knowledge, ‘to explain 


much that wa&'formerly obscure. ' Е "d 
It is remarkable that, so far, no such, re-survey 'has' been ИИ 
and even the most rezent experimental and clinical stud:es of the cere- 
bellum ‘have not'laid this fundamentally ‘important knowledge under 
contribution. ` This. must be the excuse for the present attempt to 
examine: what we balieve to Бе: the fundamental cerebellar defect- 


‘symptom from a point of view not yet adequately developed in this ' 


connection. It is probable that, adherence to what gre now obsolete: 


conceptions of muscle ‘tone, and the tendency to regard each particular 
expression of one and the same disorder of co-ordination ав an elémen- 


tary. defect-symptom, are among the principal reasons, that recent . 


‘studies have not carried’ our knowledge beyond the pcint at which it’ Ё 


stood when Luciani published his observations over thirty years &go. 
If we take the descriptions by, various authorities of, the cerebellar 
symptorm-complex in animals and man, snd, abandoning, the nomen- 
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. " elature employed, tabulate in simple descriptive terms the several 


digorders of muscular contraction and of movement recorded, we can 
construct such a classification as the following :=— 

D, ‘Abnormalities of resting muscle.—1lioss of tone. 

` qn Abnormalities of muscular contraction.— (1) Excessive range 
and force of contraction; (2) intermittent and unsteady contraction ; 
(8) premature relaxation; (4) extreme readiness of fatigue. 

‘ СІ) Abnormalities of voluntary movement. — Faulty functional 

combination of the muscles engaged in a voluntary movement. 

(IV) The effects of voluntary efforts at correction.— Carried out by а 


“musculature functionally defective in the above senses. 


It is apparent at once that this classification cannot be regarded as 


' afinal analysis of cerebellar ataxy. For example, the disorders included 


under heading (ТТ) must of necessity impair the perfect functional 
combination, or synergy, of muscles in & co-ordinated movement, 
especially in complex purposive movement-combinations. Therefore, 
asynergia, as the loss of this combination is called, cannot be regarded 
as an elementary defect-symptom, it must be considered as a manifesta- 


tion of underlying disorders of muscular contraction. Further, it 
. remains to be determined whether the disorders of muscular contraction 


are themselves elementary. defects, or simply the result of loss of tone. 
This brings us to the point from which the present study begins, 
namely, the consideration of the part played by atonia in the production 
of the cerebellar symptom-complex. As we may readily see from a 
comparative study [19] of the various descriptions of the cerebellar 
symptom-complex, а considerable degree of conflict and uncertainty 
obtains-in the use of the term, “ atonia.” It has been variously under- 
stood "by different writers on the cerebellum, and by none of them has 
it been used in the sense now adopted by physiologists, namely, аз a 


diminution or loss‘of postural tone. 


Since our OSOSPHOB of muscle tone must govern our use of the 
term “atonia,” a precise definition of what we understand by tone is an 
essential preliminary to the study we propose. We may say that the 
modern physiological conception in this respect has scarcely influenced 
chnical thought as yet. For the clinician, muscle tone is that state of 
active tension characteristic of living muscle in normal connection with 
the nervous system, which, is felt as a slight but definite resistance to 


_ palpation and to passive stretching of the muscle. Conversely, atoma 


has been taken to mean thelogs of this active tension so that the muscle 
is flaccid, unduly extensible and presents no resistance to passive 
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б, кка a hief no the. -pegaliaritigs « ot ‘the muscle rendered atonic, by 
= "g^ pe. procádüres і in animals. ‘There 8 _8те two préparations which 
haves, been ‘employed’ by. Sherrington" id this: corfnection, they are the 
5 üecérébrate." And. the‘! £g piltal ¥ rahimals.* In, the forme} the brain- 
n step) is: transected beteen ha Jovel of; the anterior and. posterior colli- 
| i ` ‘pulii, Following this propédüre,, thie’ extensor, muscles. of the animal 
+. ^ 'entér into'a: ‘state, df heightened. tone’ In Büch, an gninial preparation а 
~“masele, commonly. the: ‘extensor’ Ф, the knee, "Vasto-crureus, is rendered 
A ‚ошо, by * “ de- afferentation, ñ that” is, ‘by’ Béction, of its afferent nerve 
ү i mem at‘ the level “Gt ‘the, ромео. roofé. „From the reactions of this 
chy “opauscle,, the results* of, loss of. ‘postural: t tone pon reflex reaction, can then 
‘be investigated: The“ spinal.’ animal. ів’ опе in which the spinal cord 
Jia Mun transected ‘at’ ome" level between. the medulla: ‘and. the lower 
. thoracic: segments,” The: reflex axe of postural, tone has its reflex centres 
as | > dm ‘the brainzat віш, and therefore such, а ‘section. cuts the arc and abolishes 
DE ^ tone in the. ‘muscles, intiervated ‘from below the level of the transection. 
ix However, 'вй. "We shall. gee,’ the: atonia produced ‘in in this way, differs some- 
` ` what. in degree, from: "that produced by de. pfferentation of a muscle in ` 
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tion of shovernéit: ^ ‘In’ ‘the following brief description lof the effects of 
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normal or even supernormal. The latency of toneless 1 
altered. The characters of the résponse are very striking. 
Gerson rapidly and rushes to a maximum, which, exceed 
‘as though its momentum were less controlled than n 

[13] [14]. Not only is,contraction éxcessive in range, | 
unsteadily maintained and dies down suddenly as soon 
а, height. It does not. outlive the.exciting stimulus, tht 

" gfter-discharge." А striking , result .of the last f 
а, clonic or "intermittent character of the respo: 
stimuli. , The normal fusion of component. ‘contractions 
much дарыге! [11]. ‘The post-inhibitory exaltation, wk 
gives rise to “rebound” contraction, is absent, or is ti 
maintained -and ‘feeble [13]. Fatigue sets in rapidly, 
“response soon wanes, especi&l in weak contractions 
 dé-afferented. atonic muscle is very susceptible to in 
under“ this the contraction yields ав ша as ii 
excitation. [14]. 

(п) ‘The reflex contraction of the dne muscle of the : 
.— The features we have described are equally characte 
response obtained from the atonic’ muscles‘of the spinal a1 
here they are present to a less extreme degree. In the 
such a spinal animal several other results of loss of postu 
be observed. ‘Stimuli, which іп` ће tonic muscle of th 
‚ animal, give rise to maintained tonic responges, NOW evo. 
movements. [18]. . Thus, pinching the ‘foot elicits toni 
flexion and crossed extension’ reflexes in the decerebrate : 
the spinal animal clonic alternating movements of flexion : 
, the response opening with пошани flexion and crost 
Similarly, pinching the skin of the perineum in the for 
tonic bilateral extension of the hind limbs, but in free st 
‚ menta. in the latter [13]. Finally, the’ spread of refle: 
regions of musculature remote from that stimulated ie 
facile in the, spinal than i in the decerebrate animal. 

(il) The nature of the tonic ‘reactions lost to the atoni: 
"understand these phenomena we must have a clear idea of : 
and purpose of the: tonic reactions "which are absent i in the 
muscle and grossly impaired in the muscles of the в 
^When,a reflex response is elicited in the tonic , muscu’ 
decerebrate animal; the muscular contraction rises rapidl: 
and then declines slowly. and often incompletely. ` The 
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, to remain shortened at the new length imposed upon it by the contrac- 
tion. This “ shortening reaction; as Sherrington [11] has called it, 
is a, proprioceptive reflex produced’ by the initial reflex contraction of 
- the muscle. > Like'other proprioceptive reactions it is tonic and in effect 
_ reinforces the original exteroceptive reflex. Conversely, if the muscle 
be actively inhibited by some exteroceptive reflex stimulus, the new 
апа increased length reached is maintained by a secondary propriocep- 
tive inhibitory reaction, the “lengthening reaction." The "shortening 
reaction! is responsible for the tonic "after-discharge " and ensures a 
steadily maintained contraction in response to serially repeated stimuli. 
. Moreover, after inhibition of tonus, just as after inhibition of active 
movement, there is a-rebound, or post-inhibitory exaltation of tone, 
which ensures a return to the initial posture broken into by the move- 
‘ment, Thus, these two tonic reactions act as adjuvant and as com- 
pensatory reflexes, steadying and maintaining the original contraction 
and ensuring а return to equilibrium when this has ceased. They give 
a quality of “ plasticity’ to muscle tone in virtue of which posture is 
maintained in the varying attitudes adopted by the living animal. 

The effect of the shortening reaction on reflex movement is best and 
most simply seen in the knee-jerk. As Sherrington [15] and Viets [17] 
have both shown, there are two elements in the normal knee-jerk, an 
initial twitch produced by the. tap on the tendon, and superimposed 
upon this a secondary proprioceptive tonic after-discharge or shortening 

7 reaction. | In a myogram it is seen as a gradual and incomplete fall of 
. the limb. This shortening reaction is entirely absent in the knee-jerk 
obtained from the atomic muscle, in which the relaxation is sudden and 
complete. a | 
(iv) Atonia and reflex co-ordination.—1t the reflex contraction of a 
. muscle is disordered by loss of tone, in the manner we have described, 
it follows that ‘the reflex co-ordination of movement must suffer even 
more. In thé case of the simple reflex elicited by a chosen stimulus we 
“have two groups of muscles involved, agonists and antagonists. Under 
reciprocal innervation, when the former group. is excited to contract, the 
latter is inhibited. , The -atonic muscle behaves as irregularly under 
inhibition as when contracting. So that side by side with excessive 
amplitude-of movement, abruptness of onset and cessation, fatigability, 
‘irregular. yielding to inhibition, and, in the serial responses, a clonic 
intermission of the contraction wave, we have in addition a negative side 
of all these defects present in the antagonist group. But the simple 
| reflex, employing reciprocal innervation in an otherwise quiescent muscu- 
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lature, is an abstraction, an artificial state of affairs never reproduced 
during life [14].' Here conflicting stimuli pour continuously upon the 
surface of the organism and compete for possession of the different 
muscular mechanisms. Ata given moment, therefore, any reflex centre 
is under a twofold influencé, one tending to.excite the muscles governed 
by it to contraction, the other to inhibit them, or, at least, to employ 
them in a reaction of different character and purpose. In the norma) 
organism the result 1s not chaos hut perfect co- -ordination... Sherrington 
has called the process by which this 1s achieved double reciprocal inner- 
vation [129] [14]. When two conflicting stimuli struggle for possession 
of a final common path, the resulting reaction depends upon their relative 
intensities. If there be considerable disparity, one displaces the other 
which is suppresed, but if their intensities be relatively equal the result 
15 an algebraical sum mation of the effects. The muscle contracts, but less 


powerfully than it would have done under a single exciting stimulus, and’ 


its antagonist is inhibited; but less completely than it would otherwise 
have been Therefore, each muscle is under a twofold influence, it is 
at once excited and inhibited. In the agonist the former effect pre. 


dominates, in the antagonist the latter. Therefore, both muscles of an . 


antagonistic paix are in movement or in tonic contraction simultane- 
ously. But under double reciprocal innervation, phasic or tonie con- 
traction, does not increase simultaneously in both. As it waxes in one 
‘it wanes in the other, except when both start from quiescence, when 
contraction is stronger in the agorist.than in the antagonist. This 
combination of excitation and inhibition i isa fandamental factor i in Me 
grading of reflex contraction. 

The atonic muscle with its loss of balance and stability in reflex 


reaction must, under these complex conditions, give mse to still more |, 


marked disorders of co-ordination. Moreover, in the normal individual | 
voluntary movement involves the breaking up of the simple reflex move- 
ments into cómbinatións and sequences of almost infinite variety and 
complexity [4].  Vitiating all these ‘complex activities in direct propor- 
tion to their complexity is the uncontrolled, abrupt and unsteady 
character of reflex response occurring in an atonic musculature. We 
see that tone is intimately interwoven with movement in the processes 
of perfect co-ordination. To use Jackson's expressive phrase, there is 


“ а perfect co-operation of antagonism " between the phasic and tonic, 


elements in the co-ordination of movement. How intimate this asso- 


ciation mušt be, and how essential its maintenance, is apparent when we 


remember that all cour’ movements demand the finest postural’ adapta- 
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tion. Тһе spinal animal can step, but ıt cannot walk because it is 
unable to stand The lecturer wbo writes on a blackboard maintains 
his arm 1n the extended and elevated position while his forearm and 
hand muscles execute the movements of writing. This postural adapta- 
tion 1s achieved by the reflex modification of tone. If his muscles be 
atonic, he has consciously and by voluntary direction to hold the arm 
extended by a series of movements each of which subsides immediately 
unless 16 be repeated. Тһе contractions underlying this voluntary 
replacement of what is normally a subconscious reflex process will have 
all the characters of an atonic musculature; they will be excessive in 
range and force, subject to premature relaxation, to fatigue and to 
intercurfent inhibition. In the maintenance of the erect posture and 
in movements of locomotion where postural reactions play an even moie 
obviously important part, 16 1s inevitable that there should be the 
gravest disorders of co-ordination, and therefore of the maintenance of 
equilibrium , 

(v) The spinal component of tone.— We cannot leave the discussion 
of atonia without reference to the significance of the spinal com- 
ponent of tone. Tone is observed in the muscles of the spinal animal 
affer recovery from “ spinal shock." For various reasons it is more 
readily studied in the dog than in the cat It is never observed in the 
spinal monkey [9]. The immediate result of spinal section in the 
lower thoracic region in the cat is to produce a flaccid paraplegia. 
A brisk: knee-jerk, 1s obtainable immediately after recovery from the 
anesthetic. By the next day there is usually appreciable tone in the 
hip flexors, and very shortly in the adductors of the thigh At first 
the extensors remain flaccid, but, even in these muscles, in four or five 
days transient accesses of tone may be observed. In every instance, 
and whatever group of muscles is in question, this spmal tone is 
pecularly fugitive and uncertain of development. It 1s liable to sudden 
and complete lapses. A definite shortening reaction is rarely obtained, 
and, in short, spinal tone lacks plasticity and is most ineffectual as a 
postural reflex. Sherrington [11] finds that the spinal dog can le 
made to stand for a few seconds, bub here, as in the cat, tone is apt to 
disappear suddenly and the animal collapses Therefore, while passive 
movement may indicate the presence of tone in the muscles under 
these conditions, yet in the strict sense postural tone may be con- 
sidered to be absent. This is an observation not without significance 
in relation to the atonia of cerebellar lesions, and will be discussed 


' later. 
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While it is found that in the decerebrate animal postural tone has 
a selective incidence in the extensor group of muscles and is not readily 
discoverable in flexors, we must remember that decerebrate rigidity is 
an exaggerated tone. Since réciprocal innervation obtains for tone, it 
follows that in the decerebrate animal flexor tone is unduly inhibited. 
We might expect the distribution of tone m the intact animal to show 
less inequality in this respect, though all the evidence indicates that 
the extensors form the more important group where tone is concerned 
This is readily comprehensible when we recall.that they are responsible 
for the maintenance of the normal attitude of. standing. . The observa- 
tions of Magnus are of great interest in this connection [6]. [7]. Не 
finds, in confirmation of the earlier work of Thiele [16], that decere- 
brate rigidity does not appear unti] the plane of transection of the 
brain-stem passes caudal to the anterior colliculi. An animal (rabbit, 
cat, dog or ape) in which the plane of transection passes immediately 
anterior to the mid-brain does not show decerebrate rigidity, its tone 
has what Magnus calls a “normal distribution.” Such a mid-brain 
animal can not only stand, it can walk and jump and, if overturned, 
can right itself again. АП its postural mechanisms are intact. In’ 
other words, the reflex arcs necessary to the maintenance of tone, and 
the reflex mechanisms by which it is regulated in the interests of co- 
ordination, are all intact. 

When the transection lies sufficiently caudal to produce decerebrate ` 
rigidity some of these regulating mechanisms have been removed and 
‘simple tone, released from control, remains. In the de-afferented 
muscle of the decerebrate animal and in the atonia of the spinal animal 
the arcs concerned 1n, the maintenance and the regulation of tone have 
both been cut out. " 

(т) The muscle rendered atonic experimentally, compared with the 
“ atazic” muscle of cerebellar lesions.—At first sight there might appear 
to be one grave objection to the comparison of such relatively artificial 
preparations as muscles rendered atonic by the experimental procedures 
indicated with the “ ataxic” muscle of a case of cerebellar disease or 
injury. It is true that the de-afferented muscle of the decerebrate 
preparation has been deprived of both sensory and non-sensory afferent 
fibres, while the affected muscle in cerebellar disease has its sensory 
path intact. But in the decerebrate animal the sensory path has · 
already been interrupted: by the removal of the cerebral hemispheres, 
and yet tone and all tonic reactions are intact.: Therefore the absence 
of sensory afferent fibres does not introduce a complicating factor. 
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бе, of ione is а function of the hon- sensory afferent 
б. group; and, if is to. the physiological disturbances in the central 
R '; eonnectiong of fhis, group. that he pen -of cerebellar. ин 18 
ЕХ due: s АЫ s x 
v The condition of, Р аа of the spinal mo is somewhat 
*, different. ' Here also the sensory path is destroyed. together with the 
long reflex arc of postural пе. :“ The local spinal аго, however, is 
- intact: ‘and hence the purely те phasic jadis of co-ordination 
‘remains. ,. е 
.Im these circumstances, .gome ‘tone, it is “true; ‘does return to the 
ү ' mu&cles, ‘but it has: little plasticity. "or postural value, is inconstant, 
^. liable do sudden complete lapses апа is not comparable with the 
mE extensor ’ muscle tone of. the: decerebrale ‘preparation. | Hence the 
: relatively: atonic taiiscle öf the spinal. animal, shows the detects seen 
in the de- afferénted muscle, though to a less complete degree. 

From another point of view.there appears at first sight a difference 
"betweeh the activities, of the atónic muscle in-the experimental animal 
and tHosé'of the “ataxic” muscle of the. subject bf a cerebellar lesion. 

^^, The former’ is ;capable of reflex responses alone, while the ataxy of 
p3 , çerebellar Íesions is manifested i in yoluntary activities. From what we 
AU know of the functions . ‘of the cerebral motor cortex (Leyton and 
ES Sheřrington) it appears probable that the adtual processes of co-ordina- 
tionrare-a function of the lower reflex levels of-the nervous system, and 
-yoluntary, movement is but the activation of these reflex mechanisms 
. for the produétion of an infinite variety of complex. movement combina- 
: tions and ~ sequences. The“ large and relatively simple motor reactions 
din of the.decerébrate or spinal animal are the material from which, by а 
“process ‘of analysis. and _synthesis,. the cerebral cortex elaborates the 
_ skilled and finely adapted movements of the normal, individual. In the 
- subject of а cerebellar ` legion, jast as in the experimental -animals we 
have, been considering, dt is the activity of the reflex levels which 
18° ‘interfered, with,. so that we may conclude. that the.presence of 
volitional’: activity.” in „the. case | of. purely cerebellar Jesions does not 
‘invalidate the comparison we are about-to make between tha disorders 
2 of GÓ-ordination: produced by: „Това, of postural tone ‘aud the motor 
disorders which we include ander the heading of cotebellar абаху. 
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Д clinigal conception ‘of atonia. Ite ‘limitations are sufficient, to explain. 
` how it js, that “ < ‘sitonia ” ‘Tas not been regardéd’ as of ‘more ‘importance’ Й | 
Е by ihe: *olinician. ' Iii is true that’ Luciani concluded that atonia, asthenia.” -' 


апа; astásia. were ‘but different /expréssions of EL single ‘defect, and that г. 


his dgfinitioi', of tóne includes; ;phéiiomena ‘which subsequént experi-. x 


mental research; has shown to, Љеў fnanifestationg of loss of postural tone. 
We cannot but regret that physiological khowleügéi Gf, the processes" 
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tone, ‘may’ ‘be’ restored’ before perfect co-ordination returns: From what” 
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and consider them a5 possible results of postural atonia. Let us take, 


‚ for ` example, the ready fatigue, the excessive range of movement 


(“dysmetria”) and the oscillations or jerky variations of sustained 


. movements ( discontinuity of movement”), _They are found to be. 


"without exception, inevitable results of loss of postural tone. 


As Luciani pointed. out, we cannot exclude the complicating effect 
of voluntary efforts at compensation and correction, themselves carried 
out in an-atonic musculature. They must aggravate the disorder of 


. movement in voluntary motor activities, but in the ultimate a&nalysit 


atonia or loss of ‘postural tone is an adequate explanation of all the 
manifestations of cerebellar ataxy. Finally, the graphic records of 


` the knee-jerk obtained in éaSes of acute cerebellar lesion by Gordon 


Holmes show an ample twitch contraction without shortening reaction, 
a typical atonic reflex response. André-Thomas has also described this 
type of knee-jerk as characteristic of cerebellar lesions. 

A further point remains for consideration. ‚Luciani observed that 
after ablation of the cerebellum, and at a stage when it could not stand, 
a dog thrown into water was.able to swim without any defect of 
co-ordination. From this he concluded that inco-ordination, in the 
strict sense of the term, did not occur аз`а result of cerebellar lesions. 
The essential defect was an asthenia in virtue of which the animal was 
not able to support: its weight, and the water, by overcoming this 
difficulty, rendered perfect harmony. of movement possible. This 
remarkable observation does not appear to have attracted the attention 
it merits. In the light of the present hypothesis it assumes consider- 
able significance, and may be taken to afford some confirmation of the 
point of view presented in this paper. Movement-in such a resistant 
medium as water must, though imperfectly, control many of the most 
characteristic results. of loss of postural tone; for example, the 
suddenness of contraction and of relaxation, the excessive amplitude 
and fořce of contraction, and the oscillations’ resulting from loss of 
postural fixation. Indeed, we could scarcely devise an experiment more 
calculated to demonstrate thé fundamentally important réle of atonia 
in the production of cerebellar ataxy. 

In conclusion, the hypothesis which has been advanced may, with 
its corollaries, be summarized as follows: Hughlings Jackson’s view 
that two components, “tonic and clonic,” were concerned in the perfect 
co-ordination of movement has been given experimental verification by 
the researches of ‘Sherrington: : We now speak of tonic and phasic 
elements in co-ordination. The former, the basis of which is muscle 
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tone, is concerned with the maintenance. and regulation of posture, and 
between the two elements there is, in Jackson's words, “а perfect ' 
co-operation of antagonism.” The essential result'of a cerebellar lesion 
is the impairment or abolition of tone, and therefore of all toric or 
postural reactions. It is strictly accurate to speak of this as atonia, 
and in this sense- alone we have employed the term. Therefore, in 
saying that atonia is the essential cerebellar defect- -symptom, we express 
‚ the loss of one of the two essential elements in motor co-ordination. 
` The diverse and conflicting analyses of the cerebellar symptom-complex '_ 
to’ be found іп „the literature describe & large number of so-called 
elementary defect-symptoms. However, as. soon as we adopt the 
physiological conception of muscle tone: and abandon, the redundant 
and empirical nomenclature now employed in this connection, we find 
that the symptoms which all observers have agreed in describing are 
nothing but various manifestations of'loss of postural tone. In this 


way we have no difficulty in harmonizing the facts of observation ав. І 


recorded by different authorities with the hypothesis now put forward. - 
In this connection it may not be without interest to consider 
‘whether what Jackson called ʻa ‘corresponding opposite" to the , 
“combination of loss of postural tone with retention of voluntary power 
ever occurs in man under the conditions of disease; namely, a state of 
affairs in which with loss of voluntary power postural tone is preserved. 
The present writer has suggested elsewhere [18] that such a dissocia- 
tion of function does Dene: in spastic еше ө wheré the paralysed 
limbs show involuntary “ associated movements ” when the normal limbs 
&re voluntarily „put into action.- The postural reactions which normally 
accompany any movement, especially if this be forceful or widespread, ' 
are bilateral. In their papers Magnus and de Kleijn have given us 
many ‘examples of widespread postural reaction, ‘and Sherrington has 
‘described the postural accompaniment of, the scratch reflex. In hemi- ` 
plegia the loss of voluntary control over the limbs of the paralysed side . 
cannot }esult in the suppression of such reactions on that side, but in 
their “release.” . Under these conditions we may expect them to 
develop in an exaggerated form, but lacking in that refined character 
which they normally possess. It is reasonable to suppose that the 
associated movements-of the. paralysed limbs in hemiplegia are. mani- 
Как of this nature. If this be so, we have s- very familhar 
“corresponding opposite" to cerebellar ataxy. In both instances the 
falling out of one of the component elements in the procéss of 
co-ordination results in gross impairment of the factors remaining, 
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whatever be the physiological rank of the lost factor. Thus voluntary 
movement is disordered from loss of ‘postural tone and postural 
reactions suffer when voluntary control is withdrawn. 


CHAPTER IV.—Some THEORETICAL CONCLUSIONS. 


If we accept this hypothesis as the most satisfactory generalization 
of the facts ‘of observation, we can readily see how it is that the older 
analyses have failed to provide the basis for any theory of cerebellar 
functions. As we have indicated, the most concise analysis is that of 
Luciani’s, but at the time ıt was formulated so little was known of the 
nervous processes underlying the maintenance and regulation of muscle 
tone that it was not possible for him to achieve a final solution of this 
fascinating and difficult problem. We may now pass to consider very 
briefly whether the point of view we have adopted in the present paper 
provides a more promising vantage ground for an attack upon the 
physiological problems presented by the cerebellum. It would be easy 
to conclude at once that the cerebellum is the organ for the regulation 
and integration, of all the elements concerned in the maintenance and 
regulation, of posture. Unfortunately, the matter is by no means so 
: simple, dnd such a view does not take into account some recently 
recordbd: observations of Magnus. Our first difficulty is to explain how 
a defect lesion of the cerebellum produces loss of postural tone. When 
we compare the resultg of ablation of this organ in the intact and in 
the decerebrate animals a striking difference appears. Whereas all 
observers are agreed that an acute and purely cerebellar lesion 1n man, 
or the ablation of the organ in an animal with an otherwise intact 
nérvous system, produce the characteristic cerebellar ataxy, yet, as 
Sherrington was the first to point out many years ago [10], in the 
decerebrate animal the rigidity is not abolished by subsequent removal 
of the cerebellum, nor conversely: does ablation of the cerebellum 
prevent the development of rigidity upon subsequent decerebration. 
‘Further, Magnus [6] [7] [8] finds that not only does rigidity persist 
after ablation of the cerebellum, but all the labyrinthine reflexes which 
normally play so fundamental a part in the co-ordination and regulation 
of ‘muscle tone arè intact. In other words, the reflex paths concerned 
in the maintenance and regulation of tone do not pass through the 
cerebellum. - Magnus concludes that we cannot regard the cerebellum 
. simply as the central nervous organ of the labyrinth, and so far as the 
decerebrste animal is concerned it seems as though we cannot even 
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regard the cerebellum as essential to the ‘maintenance and regulation of + 


posture. , In short, in the intact animal, the cérebellum appears essential 
to the maintenance and regulation of postur al tone, but, in the animal 
- deprived of its cerebral hemispheres it is not essential to either process, 
as far as either ws carried out under these conditions. The whole 
question of tone, and the various ways in which it may be affected by 


different lesions of the nervous system, as we have discussed them, may . 


be simply expressed in the following diagrams. Here the lesion is 
indicated by а heavy line.and the resulting síate of рон tone is 
‘tabulated i in the legend. | | - 
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Fig. 1.—A, Decerebrate animal with'intact postural tone; B, decerebrate animal with 
ablation of cerebellum and intact postural tone; С, decerebrate animal with posterior root 
section and loss of postural tone in ‘‘ de-afferented" muscles; D spinal animal with loss of 

stural tone; E, ablation of cerebellum, central nervous system otherwise intact; loss of 
postural tone. Heavy lines indicate the situation of the lesjon. The portions of the nervous! 
system out of action are shaded. Ablation of the Бери or gross lesions in man, аге 
шона by shading of cut cerebellar peduncles. n 
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|. The explanation of this apparent anomaly is probably to be found in 
certain limitations inherent in. these experimental observations. The. 
decerebrate animal is & reflex machine devoid ‘of all volition. Its reflex | 
reactions, although perféctly co-ordinated, ‘consist in relatively simple 
mass movements, for which the reflex centres situated in the brain-stem 
are adequate. - The voluntary motor activities of the intact animal, and 
still more those of man, display innumerable variations and elaborations 
of these simple movements. From their studies of the responses of the 
anthropoid motor cortex, Leyton : ‘and Sherrington [4] draw the. 
- inference that it is the function of this region of the cerebral cortex so 
to influence the lower level reflex mechanisms which are directly con- 
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cerned in the co-ordination of movement that the skilled, isolated 
` moyements of the individual are produced. ' "The cortex by its activity 
analyses the large and simple reflex movernent-complexes into their 
fractional elements, and synthesizes: these into. combinations and 
sequences of almost infinite variety, which make up the normal 
purposive movements of the individual. We have seen that there are 
postural and phasic factors concerned in these processes. May we not 
suggest that the cerebellum is the organ through which the cerebral 
motor cortex influences postural activities and regulates posture in 
the interests of co-ordinated purposive movement? It may be the 
subordinate mechanism employed by the cerebral cortex in the refined 
' correlation of posture with movement. E 

It has been the custom to think of the cerebellum as a physiological 
as well.as an anatomical entity, though like any other anatomical 
subdivision of the brain it can have no physiological ‘meaning apart 
from the rest of the nervous system. That we should continue so to 
regard it is probably a potent factor in our inability to form any con- 
vincing theory of its functions, and a relic of the period when the localiza- 
tion of function in the brain was envisaged with an almost geographical 
precision. "Once we have assimilated the conception of postural and 
phasic components of movement, and have come to regard, the cerebral 
` motor cortex „поё as itself directly , concerned in the processes Of 
co- -ordination, but as playing ‘apon the lower level mechanisms which 
аге engaged in this function, and as integrating the postural with the 
phasic elements of motor activity, it becomés-somewhat easier to see 
why the resulta of cerebellar lesions should be so different in the intact 
and the decerebrate animals. In all probability, it is in the light of 
its functional relationships with. the cerebral cortex that we shall 
ultimately gain an insight into the furictions of the cerebellum. 
Gertainly, the, parallel’ development of cerebral cortex and neo- 
cerebellum, as revealed by corapésutive anatomy, points the way to 
such a conclusion. : 
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Persistent Pain in Lesions of the, Peripheral and Central 
Nervous System. 


By WILFRED Harris. 


‘PERSISTENT pain, which may be defined as acute bodily discomfort, 
varying in degree from a sensation of soreness or aching to one of 
intense and intolerable agony of torment, may be due to a variety of 
diseases affecting primarily other structures and tissues than the 
nervous system. Thus, carcinoma naturally occurs to us, or other 
malignant growth, as a probable cause of any deep-seated pain, per- 
sistent in character and lasting for weeks and months, more especially 
if-accompanied by progressive emaciation. 

. The appreciation of any sensation of pain due to visceral or bone 
-disease necessarily involves the agency of the nervous system in the 
transference of the sensory impulses from periphery to thalamus and 
cerebral cortex; but I am limiting my remarks as far as possible to 
' diseases involving the nervous system itself, and shall omit discussion 
_ of the referred pains of visceral disease, such as dental neuralgias, 
. errors of refraction, angina, the colics, sinus suppuration, abscesses, 
acute inflammations and the like. 

For the sake of convenience I have in the following classification 
arranged the causes of persistent pain in diseases of the nervous system 
in five classes, progressing from periphery to centre, or from nerve- 
ending to cerebral cortex. 
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Persistent Pain ‘in’ Lesions of the Peripheral and Central Nervous 
а u ^ System. 24 i 


t 


(1) Peripheral due to inclusion of nerve-endings in scar, 


(a) e.g., Neyro- fibrositis, traumatic or rheumatic ; айїровв. 
| . dolorosa. ee e ' 
(0) Due to septic or to rheumatic terminal trigeminal neuritis :— 
(i) Chronic paroxysmal trigeminal , ашаа, (Fothergill'a. в 4 
"E ‘disease, tic douloureux). dE 
(i), Chronic neuralgia of upper or lower jaw: 
(c) Geniculate neuralgia. vy 


tà (d) Glossopharyngeal, neuralgia, ©. . — iw ме 


(2) Disease involving nerve trunks. 2 

(а) Supraorbital neuralgia. : СУИ | XA. EE 

(b) Multiple neuritis, : . ' : d s 2 

(c) Brachial or sciatic perineuritis, - 

'(d) Tumours or gummatous neuritis:;— 
` (i) Trigeminal. ; се Ra 
(ii) Spinal, e.g., neurofibromatosis. ` 

| (e) Causalgia. © 

(f) Cervical or first ‘rib pressure. 


(83) Lesions of posterior root ganglia or posterior roots. . 
(а) Post-herpetic neuralgia :— : А 
(i) Trigeminal > ' -> ЗА ИС. 
(1) Spinal. | 
(b) 'Тарейс neuralgia. 
' (c) Other root scleroses. ` ' : S r 


(4 Central sclerosis of fillet or thalamus. " A E: i v y 
Intra- medullary growths. а Bre 
‚+ Syringomyelia and syringobulbia. 


(5) Psychalgias. 


Neurofibrositis.—The pains of disais or acute fibrositis of the 
lumbar' or dorsal region, often known as lumbago and muscular 
rheumatism, are doubtless.only too well known: to many of us, though, 
common as the affection is, its pathology is largely a matter of conjec- 
ture. . Violént or, and especially, sudden muscular’ action is the 
exciting cause ‘in а considerable number of cases: the sudden onset ' 
of intense pain immediately after a heavy muscular strain, such as 
a slip or fall, when carrying а heavy weight, the pain relieved by 
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lying down or sitting in & deep chair and aggravated immediately on 
movement, suggest rupture of muscle or tendinous fibres involving 
sensory nerve filaments, as the cause. In the majority the pain dis- 
‘appears after a few days or weeks, жне ocoasionally the disorder 
persists for years. 

Recently I was consulted by a farmer, a powerfully built muscular 
man, who some ten years'ago slipped and. ѓе] when carrying a sack of 
wheat weighing about 260 lb. Не was immediately seized with acute 
pain across the lumbar region, and more especially in the neighbour- 
hood of the right posterior iliac spine. He has beén subject to this 
pain ever since off and on, worse on movement or during heavy lifting, 
and now and again he is subject to exacerbations so severe he can 
scarcely move or dress himself. When I saw him during such an 
attack, his spine was flexed laterally towards the right, and there was 
a small circumscribed area of great tenderness on deep pressure over 
the right posterior iliac spine. 

Careful marking of the site-of chief tenderness, followed by injec- 
tion of а few minims of 90 per cent. alcohol deep into the tender area, 
completely relieved his pain within fifteen or ‘twenty seconds, so that 
he was able to stand up straight, the lateral flexion of the spine having 
now disappeared, and he walked away in comfort. 

' Acupuncture has long been /recommended since Sydney Ringer's 
time for similar conditions, but if one or more definite areas of tender- 
_ hess on deep pressure are discovered, I consider that alcohol puncture 
is far more valuable. m 

Traumatic neuro-fibrositis may involve larger nerve trunks, not 
nerve filaments only, and sciatic perinetiritis is a fairly common early 
sequel to fibrositis of the lumbar region, whether this is af rheumatic 
origin or due to & fall or otherinjury. Here again the pain may con- 
tinue for months: or even years. ‘Sciatic perineuritis as a sequel 

‚ ОЁ muscle strain or fall is particularly amenable to treatment by 
massive saline injections into the nerve just below the notch, the 
. probable site of the nerve sheath damage: Alcohol injection of the 
sciatic must, of course, never be attempted, owing to the certain 
result of paralysis of the foot which would ensue, but saline injection 
of 50 or 60 cc. preceded by 2 с.с. of.2 per cent. novocain into the 
nerve often cure the sciatica immediately. This treatment, though 
often valuable, 1s less certainly successful ın the rheumatic sciaticas, 
possibly owing to the large area of the nerve which may be the seat 
of trouble. їй both the rheumatic and the traumatic sciaticas there 
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are frequently spots of: deep tenderness with aching pain either in the . 
neighbourhood of the trochanter or, between the notch and iliac crest, ` 
which may keep up the discomfort and pain after the actual'sciatica - . 
has been relieved. These are probably local areas of neurofibrositis in | 
the glutei or erector spins, and may be mostly ‘successfully injected . 
deeply with alcohol, after the nerve itself has been treated with the 
saline injections. Probably the saline injections relieve by breaking 
apart laterally adhesions of the nerve sheath, as the sciatic nerve is а 
‚ loosely built nerve and readily takes the fluid, swelling up like an egg. - 
at the site ‘of injection (as may be ‘seen ‘by injecting the nerve after . 
exposing it on the post- -mortem table). 

Paralysis of the sciatic I have never seen as a result of ЙЫН 
muscular action, but in the region of the brachial plexus local paralysis 
from involvement of the posterior thoracic, long thoracic, or circumflex 
nerves шау occur. Ав with sciatica, so br. achial perineuritis may occur '^ 
from muscular overstrain, or rheumatism and other toxic causes, such 
as pyorrhoa. Usually the posterior cord and musculo-spiral nerve 
suffer most. As in the lumbar region, so also in the’ neighbourhood 
of the scapula and sometimes in the forearm, areas of deep tenderness 
may be the sole cause of chronic wearing pain, or may accompany a more ` 
extensive brachial neuritis. Alcohol puncture of such tender spots often 
has most brilliant results, chtonic pain that may have persisted for 
many months or years being relieved instantaneously. The spots must . 
be carefully located and marked, and a fine needle, hypodermic size, is 
usually long enough, plunged vertically into the spot down to the level. 
of the rib or scapula. Care must of course be taken that the needle’ 
does not pass between the ribs and pierce the pleura. i 

Bruising of the scalp by an injury to the vertex from а blow against 
the lintel of a door, or.fall of a heavy weight, is sometimes followed by 
persistent headache, varying in intensity, or periodic, and associated 
with в local area of tenderness on pressure. These cages also may be, 
relieved by the same treatment. This form of. headache must be, 
distinguished from migrainous neuralgia, in which the periodic headache 
is unilateral and often'associated with intense pain and tenderness on ` 
pressure. on one temple. Alcohol injection. in these cases is quite 
useless, as is only to be expected, the origin of n pain being А 
central and not peripheral. 

Chronic parotysmal trigeminal ‘neuralgia is кее of péripheral 
origin, and is probably due to séptic neuritis of nerve filaments 
in the maxilla or mandible. Scarcely ever dnm this disease affect the 
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upper division and supraorbital alone, but it may be involved along 
with the second division.. 
` John Fothergill’s original description nearly one hundred and fifty 


` years ago of the painful attacks is scarcely to be improved on to-day, 


though his view of its pathology, thinking that. it must be cancerous, 
because ‘of the long-standing pain, 1s now discarded. Many causes 
appear to contribute to its appearance. Heredity of the disease I have 
met with in about 1 per cent. of my cases. Strong emotion may pre- 
cipitate' an attack. Injury and blows on the jaw are а not unfrequent 
cause, as may also be exposure to severe chill, as in motoring or 
driving; a septic antrum has preceded typical tic douloureux of the 
second division too often to be a coincidence. I find the disease twice 
as frequent in women as in men, a point also noted by Fothergill, 
though he saw only sixteen cases in his, practice (or business, as he 
calls it). A curious point my statistics show is that the disease is 
twice as frequent on the right side as the left, and commoner in the 
upper-than the lower jaw, though both are often affected. The larger 
incidence on the right side may be due to better use of the toothbrush 
on the left side of the mouth, as would be natural in right-handed 
people, according to Mr. Warwick James. Bilateral trigeminal 
neuralgia is comparatively rare. І have met with it perhaps thirty 


` times only among several hundreds of cases. The disease rarely dis- 


appears spontaneously when established (I have known this occur only 
once, in the father of a sufferer from this disease, who was my patient). 
Her father suffered for twenty-five years until he was aged 90, but 


` was free for the last fifteen years of hia life, living to 105. In the 


early stages, however, long periods of remission may occur; I have 
known thirty years elapse between the first and second attacks, and 
intervals of one to two years are common. Sometimes a certain 


- periodicity is seen, as for a few weeks to three months every autumn 


or winter. Ав the years pass- usually the intervals of freedom get 
shorter. In a few, there is practically no remission, agonizing pain 
inevitably following every movement of the face, as in eating or in 
washing. One of my patients, & lady, had been unable to wash the 


"right side of her face for twenty years. Often the lightest touch of a 


hair or draught of air will start a paroxysm, though at other times 
nothing may provoke the pain. During the painful bouts the prick 
of “a: pin usually seems more acute on the affected side, though this 


is 8 temporary hyperesthesia only, and is not present between the 


attacks. 
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Fothergill, 150 years ago, thought hemlock ‘pushed to toxic doses", 
was в cure for: this complaint; but our experience: nowadays is 
that drugs comparatively rarely are of service, and that real relief 


is obtained only by а solution of continuity of the offending nerve 
trunk. Practically the choice, in severe cases of pain, ig between E 
gasserectomy or division of its sensory root, both severe operations, . 


on the one hand,.and aleohol injection of the nerve trunks at their 
deep foraminà, or injection of the ‘ganglion itself. For bilateral cases 
of this neuralgia the gasserectomy operation is not permissible, owing 


to the jaw drop that would ensue, though bilateral destruction of the - 


ganglion by: injection may be done, as the motor .root then recovers, 


though the sensory: ganglion cells are permanently destroyed. “A> 
curious point I have often noticed when injecting the foramen ovale ~ 


and ganglion is that the ophthalmic or inner portion of the ganglion 
goes totally anmsthetic before the second division, and it may be 
extremely difficult at times to get total anesthesia of the cheek when ' 
the forehead and, eyeball remain ‘perfectly anssthetic. I, have no 
satisfactory reddon. to account for this. | 
Another puzzle that occasionally, though fortunately varely arises, 


is the partial recurretice of sensation on the chin and remainder of the . 


third divisioh, when ‘the ‘first and’ second’ divisions remain totally - 
anesthetic. With this reappearance of sensibility, pain may return, 
and that this “is not 'nécessarily the result of the, faulty injection is 
‘proved by the fact that .gasserectomy and division of the, sensory root 
behind the ganglion may not alter the conditions. Oné is tempted 
then to dall the persistent pain a psychalgia, but of this I am not 
convinced, as there is по, doubt true sensation on the. lower lip and 
chin. Gasserectomies, of course, like other operations, may, sometimes 
fail through being incomplete; I have seen several such cases where 
pain has'returned after about ten years, with reappearance of cutaneous. 
sensibility, yet I do not think that is the explanation in the few cases 
above referred to, though no such case that I am aware of has come to 
autopsy. ' Е 

Another form of persistent t iyeminal. pain shat I have seen many 
, Instances of is in my. experience peculiar to young wonien. It ів 
continuous, ‘not. paroxysmal, though. it may vary, in severity, and ‘it 
affects either the upper or the lower jaw: It ів not provoked by 


ү 


eating, laughing, washing or other movements of the face as is true | 


tic douloureux. It is more difficult to relieve by alcohol injection : 


than spasmodic ‘tic douloureux, inasmuch ‘as total anesthesia 18 
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necessary to abolish the pain, and with commencing regeneration of 
the nerve the pain recurs. In tic douloureux, however, in a large 
majority a medium anesthesia from injection may be sufficient to 
` abolish the pain, in some cases for many'years; in one of my early 
cases ‘there has been no recurrence 124 years after injection of the 
foramen-ovale, though only hght ‘anesthesia now remains. 

This lady had previously suffered from typical tic for tenir years, 
‚ ection of the inferior dental nerve having given only two years’ relief. 
In her case the neuralgia commenced at 17, and I have seen it com- 
mence at 17 in two other caseà and once at 16, many in the twenties, 
but most commonly about the age of 50. On the other hand the type 
of persistent neuralgia of upper or lower jaw previously described I 
have met with only in women of,15 to 35. Its cause I am very 
uncertain about, unless it is а chronic osteitis of ће jaw. Its limita- 
tion to women I do not understand, as the sufferers L«have met with 
have not been notably of the neurotic type. Moreover, the true tic 
douloureux is undoubtedly much more frequent in women than in men, 
about two to one. These савев ‘ате more difficult to treat than true 
trigeminal neuralgia, as nothing short of total nerve destruction 
cures the pain. 

Supra-orbital neuralgia. - Barsiebently recurrent supra-orbital neu- 
ralgia is met with in both sexes, though oftener in women. I assume 
- that migrainous: and true trigeminal neuralgia, and the peripheral 
causes such as errors of refraction, frontal sinusitis, frontal herpes, 
antral abscess and dental neuralgias have been excluded. Sometimes 
paroxysmal suprs-orbital neuralgia occurs daily, coming on about the 
same time, perhaps 10 or 11 a.m., and lasting until 5 p.m. І have 
seen this type follow influenza several times. Usually the pain is 
limited to the : supra-orbital nerve, but it may involve the whole of the 
ophthalmic branch. In a recent case, a woman of 47, pain began four 
years ago, lasting for eight hours daily from January to June. Next 
year and the year after a similar repetition occurred. A year ago she 
had в, more severe attack and since then has had pain daily from 
'12 noon to 5 p.m., never a day free. The pain is situated in the fore- 
head and left side of head as fat back as the coronal suture, and extends 
along the left side of the ridge of the nose. , Unlike trigeminal neuralgia 
the pain is not evoked by talking, eating, or other movements of the 
face, or by rubbing. Supra-orbital injection gave little or no relief, 
though deep anesthesia was produced. Injection of the Gasserian 
ganglion was then done, the anssthesia of the first division being total 
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for an hour or more, but subsequently wore off partially. £ 
disappeared completely for severa! days, and then reappear 
attenuated form. Very probaly. total destruction of 
would have produced a complete cure of the neuralgia. . - 

Perhaps the majority of paroxysmal supra-orbital n 
migrainous in typé, for which alcohol injection is of litt 
In some subjects this’ migrainous periodic neuralgia is li 
temple. . | . TED 

Only comparatively rarely does true trigeminal neuralg 
first division of the fifth' nerve, that 18 to вау а ратохуви 
sudden апа intense, апа brought on by moveinents of the 
of the skin, or even & draught. In only one instance h: 
remain limited to the first division of the fifth for years w 
the second or third division. becoming involved, and even 
rubbing the chin would start the pain in the forehead. 
always the neuralgia also involves the second or even all t] 
when the supra-orbital distribution is involved, though 
remembered that the pain in the second division of the fift 
indeed generally, extends above the eyebrow and in front o 

In all cases of persistent or recurrent pain, anssthi 
looked for. If it is present in trigeminal cases then eit! 

neuritis, gamma or tumour is the cause. 

| Geniculate neuralgia, or neuralgia affecting the distril 
sensory fibres contained in the seventh nerve, has been ft 
by Ramsay Hunt and others, though some deny the asso 
seventh nerve with such neuralgias. Transient pain aroun 
the ear, lasting for two or three days, is а commoriplace i 
with the onset of facial palsy, and often precedes the- 
Much rarer are instances of true herpes zoster affecting t 
association with facial ‘palsy. The distribution of the her 
usually on the concha and antihelix, though it may be four 
ear where the pinna joins the scalp, arid also along the £ 
of the external auditory meatus. Such a distribution of ] 
once, in a medical man, without facial palsy, who for many 
wards had excruciating paroxysmal neuralgia affecting the 
the ear, and back of the lower jaw and neck. Pierce Clarl 
of America, describe a case of chronic tic douloureux affect 
which was cured by operation by trephining and dividi 
intermedia Wrisbergi, or sensory root of the seventh 1 
eranially. | я: T 
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7 Glossoplaryngéat. пешгайдїа, =A É fare. form: of ошо paroxysmal 


* In 


sits paroxysmal: suddenness of, ‘onset, .and in the: severity of pain, glosso- 
ратува оті is identical with trigerainal lic, for: "which it may easily 


_be mistaken. 


1 


И 
"M а, Tady of ӨТ. 


‘Distinguishing’ itj however; from. the latter, the pain in | 
' glosgophatyngeal tic starts in the throat,in the région of the-tonsil and 


КИ anterior. pillar of the faüces.. The pain radiates to'the ear, and especially 
-just án front, ч. the ear, along ; the back of, the mandible, and into the 
"upper part. of the neck.. i have mhet with two only of these cases, both 

‚Со which had lasted ‘over, ten. „years, ore a man. aged 40, the other an 

“As: in trigeminal tic, the first onset of the pain may 


“be fürious ‘and “sudden,, in the:man’s, case the pain striking him in the 
` throat ` as he’ opened | ‘his mouth to eat a ‘sandwich. When I met with 
hake 168868. .now ten years 250, I knew of no reference to, glosso- 
- "pharyngeal neuralgia, and in ‘case the pain night be, ап unusual form 
- of trigeminal’ neuralgia, I injected the third ‘division. at the foramen 
'. 4 ováleàn éach, CASO, quite. successfully. 88 xégards destroying this branch, 


-but without “influencing” ‘the’ récurrent ‘neuralgia, 


I have since geen 


somewhat л sirhila вравшойіс' ipain, with’ intenset hyperssthesia of the 
,* Bide..of the: neck, in ‘a case оЁ. recurrent epithelioma in the tonsil, 

+ following ‘seven years after extirpation ‹ of & vocal cord for malignant 
"Tt: was this - case “which “conviniced me of the identity of 
Ве: ‘#lgssopharyngeal tic. im the two ‘previous, cases ‘referred to, and I 
“have lately seen a ‘description’ by Sicard in. France of' three cases met 
with during the, y war “of. glossopharyngeal rieuralgia, Which were cured 
27 ез help dy division, of. the nerve: in ihe neck, 
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To Ohrónié ‘painsin, ‘the: ‘distribution; of tlie trigeminal : nerve may be due 


Uus to tumours or, guminatd: involving the' sensory roof of the. fifth, nerve 
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3 


within. ‘the’ skull: оп one or moré of itg branches externally. Tumours 
« in, the - ponto-cerebellar angle may irritate the” ‘sensory root of the 
fifth and, ‘simblate trigeminal ‘neuralgia | ‘for years. - "Thé pain however, 


though vaiiahle; i is lesg: Враёшойїв and hot -brought on by light touches 
ТЬе шаїй point in. distinguishing lesións of 
the. trunk’ or “main, branches from: trigeminal ‘neuralgia. ; is the appear- 


‚79006 of diminished sensibility i їп {һе affected BER. 
"muscles. of Thasticátion. also; ‘may be predent, | 


> тог ‘movements of the face. ` 


Motor palsy of the 
When these signs of 


gross" damage to' the fifth nerve are found, trigeminal neuralgia may 
eonfidehily , be excluded unless, neureofomy,, or alcohol. injection has 
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à previcüsly “been done. ебу distressing’ ¢ сӣвбз £o. deal. with are. ' ў aC 
the _naso-pharyngeah, growths, causing” persistent pain and, ihereasing.. qu 


“anæsthesja, of’ either the second jor, ` third divisions.of the fifth.’ “When хз pde 
the. growth. invades the zygomatic: "fossa. and involves the third division, T 

deafness” of that» “ear: is usually ; ‘produced “by,” involvement: of -the “ ae. 
“Eustachian tube. ‘When the growth, ‘is moré central and “invades. the. - 


Ne 


5 
` spheno-maxillary, fossa, ` "besidés involvin£? “the second, division’ оѓ" the . DM 
fifth,” there, ig’, produced presently. diplopia .ánd. later"  proftosis and - 
, "fixation" of е! eyeball through extension ‚фо thé Баск ' of the, orbit, Wo У. 
“Beyond впойуле -remediós. I: know, nothing. that, rélieves’ these cases. ^ A - 
"Operation: séems useless; the growth is never circumscribed’ and always >. zu é 


recurs.” “In -‘malignant - growths « of, the’ ‘maxilla’ pain may be exceedingly .^ 
, troublesome, even, after < "excision; due to récutient. growth. . This. pain ', 
may “be” completely , telieved: by & "guccessful alcohol injection: of ihe. E 
` Gasserian ‘ganglion: ‘Similarly the ‘agonizing’ "Баш. “due to carcinoma’: "" 
"of the side of the tongue ‘and "lower jaw may be ` completely arrested / ie 
- by alcohol injection of the’ third: division of ihe fifth ab the- foramen " ў 
‚ vale, ` Оз GE e TER VM. УКИ VEU 
‚ Pórsistent trigeminal pain - for’ -weeks ` nd ions. sedute (Жо 
"ad. accórnphnied by diminished" sensibility of that. side of the face, but’ . Р 
e without the pressure signs above’ “referred to of Eustachian deafness, » 
` proptosis; and diplopias, should - suggest: guima. ‘ad 8. probable cause. 
Even. it tHe Wassermann reaction. be- negative, itis. well always to dite AS 
-anti- -ayphilitic, treatinent i а trial: L havé, met, with several such, cases 2, 
` of: syphilitic: trigeminal. neuritis which ‘cleared. up FEY under, Tot 


“treatment. by . зарае of Igéroury «nf. sálveraün: injections. ' "e 5 d a 
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Ок pain in ‘the, arm dud: "neck, ‘inning’. down "to “thé inside. of in t 
, ihe hand, in women between 20 and 30; will usually, ‘suggest cervical ` E 
Yum y 


` rib; as, в. .овпве- ‘throdgh (pressure on the first/dorgal nerve; as; it rises to: v : 
join : the inner: cord.’ "Wasting: of, „the musculatüre. in. the hand? ‘dnd, de, 
* diminished ‘sensibility’. ‘along the” infer. bordér’, of the ‘foréarm “tos the’ 3 
wrist vender the diagnosis morg certain. Да skiagrani “demonstrates. 

‘a ‘cervical-rib, the; position i is cleat: . Many ‘ casés of rib. pressure due. fo. СХ 
thes first rib. &lone, in the absence; of- В cervical тїй, have been redorded ; ae 
I have had ‘two such савев' (euccensfully relieved: Љу operation; swithin, ite. j “0 
last: six’ ‘months. "i In one- of them’ the first rib caused, в ‘prominent ; hard. WAP. 
swelling above the clavicle which. “ib Was. diffieult 1 to~ believe. wag, ELEM 
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ИЫ xib. when the à skingyam posed ths ae of the latter. The 


z diagnosis : is. therefore more. complicated, and difficult now that we must. 
T ` realize that witht anions suggestive of: cetvical rib the'skiagram may 


` be normal: , : С ME 


(a mes 
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рање the "War the frequency of cases of persistent арон ае pain 
. due to, injuries "of nerves, often. slight, was most remarkable. The large 


А ‚ "majority. of these’ cases involved the’ median or internal. popliteal nerves ; 


though Ihave seen it ‘also in“ ‘the’ ‘distribution of ‘the ulnar, long 
, Saphenous, . external’ ‘Gutaneous of the thigh, ‘and radial nerves. 

In some cases the nerve, injury was БО slight that: по demonstrable 
‘anesthesia ‘wag present—only an intense’ hyperssthesia, varying at 
times, and liable‘ tò, be’ sroused into -an intense spasm of pain by & 
"sudden emotion, ` noise, or "vibration or light touch, thereby reminding 


‚ us somewhat- of the onset of the paroxysins.. in иеш neuralgia. 
` The pain is described as of а burning heat—hénce the name " causalgia”’ 


(каго, T burn), апа bursting вепвайопв, in the fingers were common. 
. ‘The’ pain. in many “cases tasted for wéeks and months, and in some it 


uS e was necessary to produce Ber ve-blocking, i in Order to arrest ‘the pain, by 


: alcohol. injection of the-trunk of the nerve above the injury. Common 


{ 


‚ No, other operation i is necessary: ‘for this. > 


4 
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enough ` "during. the war, I have seen only one süch case in civil life 
where a nian tore his.thenar eminence’ in some cog wheels two years 
> previously. "The: pain „жав limited - to ‘the ball of .the thumb, and 
‘immediate’ and: ‘complete relief was obtained: "by injecting the median 
nerve with alcohol just above the wrist. The nerve can be easily found 


, here, ав it lies- between the. tendons.of. the flexor carpi radialis and 


palmaris longus, and „pricked: with 8' рел needle and injected., 


^ 


Painful stip was another very, 'оршшйов sequel of, amputation in 
е б . Ввлоніа Аң Бомо PERINEURITIS.: 

" Boiatica I have already. refered to, especially in &ssociation with 
Тано ‘acral fibrositis, either of a rheumatio, septic, or traumatic origin. 

E Very. chronit and “obstinate: type I would like to refer to here in 
whìch’ “the most’ noticeable. sign on ‘examination is the scoliosis, & 
"lateral flexion of ihe pine ‘away fromthe’ painful side, causing the hip 
on the ‘affected side %о stick out.” -Thè ‘lower cervical spine may be ав · 
‘much’ ‘as 5-18. to one side of the’ vertical’ median line when standing. 
This: ооой рано оп sifting or lying. It Tuy be 2 Tesult of a local 
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lumbar ровів in: aie éxectbr: sping in the region, ,of the fourth: and, 

' fifth lumbar transverse processes? - Occasionally a definite ‚ате ‘of déép .. 
tenderness can ‘be localized and itvis, sometimes possible ío procure ‘an 
immediate and dramatic relief. by alcohol puncture: of, the spot., Short: 
of that treatment: these. cases are, very chronic and reaistant to ordinary 
treatment; and: three nionths’ rest і in bed шаў ‘be ecessary. uM as 
| Brachial neuritis is seldom ` во chronic.: 'ag. some -of the, aciations, d P 

"though. ‘the acute form 18 probably ' more painfal, due I' thi nk’ lo: the. 
structure of” the cords. of: the brachial plexus béing. denser’ ‘and, firmer | 
than, the sciatic and, thus’ admitting Of less swelling | in: inflammation: of | E» 
the shéath: This point 18. easily demonstrated in the’ dead "body. by: " 
cutting ‘down .on the ‘sciatic dnd brachial nerve trunks and, injecting ` 
fluid through 8 hypodermic needle: The 'sciütic takes it. „баву ' and, 
swells up in an egg ‘shape, but it is. difficult to юше: тою than a few. е 
4горв into the main brachial trunks... = z | ` 

“Chronic pain about the scdpula and arm: mày be ads to Gerviénl rib, 
or to neurofibrositis, аз already stated. | А -common cause ‘of pain", 
referred ftom the shoulder down the’ arm, perhaps ' to ‘the elbow, iig" 
maximum “usually about, the insertion of the deltoid, is adhesions’ in. the: £. 
shoulder- jòint,. and' resulting: from gome: slight injury Such: as ‘strap... 
hanging, being ка by getting ор or rof: & bua c or tram, or by 8 Sip 
fall: M : i aia : : i 
"These. cases are frequently: diagnosed авг селине: "The | pain ‘tarts 
usually- a. day OT; two 'after the injury' -anā is, ‘due to в synovitis} the!” А 

i sùbšequent ; adhesions: causing pain: with every ‘movement or-pressure on, * ' 
ihe joint. | AWrenehing: under. „gasy with subsequent passive movements | : e 
and! massage, „usually, effect ғ а. cure, but some" cases &ré too painful to у 
tolerate the. after: ‘treatment’ and partial fixation i is. ‘permanent. . “To be - 
distinguished from. this condition ds the fixation of, shoulder: froni © 5 
adhesions: Subsequent "to immobilization ; ; during? ‘the: acute stage of | 
biachial neuritis. « The history of severe Pains апа pins. and; needles. 

' downto the fingers generally’, makes this point ‘lear,’ but-the treatment ' 
by massage, passive. movements, or’ even 1 wrenching, under’ gas is. the | 
same. , pu agi re e NC. Wc 


i DISEASE ОЕ "Ровтанїов` Semar; ‘Roors, oR Root GANGLION: ' 


' Posizherpetie у i8 one: of the шов. Шуан! ‘and difficult’ - 
neuralgia we have to treat. . : Due i in. part, to’ an inflammation lesion i in' 
the-root: ganglion, in'gomé cases tov, nenritis of the nerve. ‘trunk, and i in 75, 
р others t even to inflammatory changes inthe grey ү of. the posterior: 
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Bon in; -the Spicil. cord, the “pain is ‘donstant ard. wearing, causing great. 
‚. depression, + Rare: under the Bge: of - :50, chronic neuralgia following an 
‘attack of shingles iš increasingly common in older people. In some the 
‚рай. may persist for, months” and: then. gradually disappear, but in 
| ` others’ it may xetnain'í fot: years and’ ‘has ‘led, 'to Suicide. "With tae pain 
E i азау 8 séyere пшарцеёв and. ‘constriction; and the-area of scarring 

18. ‘usually partially, anæsthetic. . _ Beyond’ local anodynes and mild tonic 

к; ‘treativent I, hesitate to suggest more active measures. Alcohol injections 

“in ' spinal Pn is; T believe; quite useless, and division of posterior roots 
x after laminectomy; i is, I believe, not always successful. "L:8hould be glad 
' sto" hear. experiences, ‘of surgeons on this point: ; 

D erpes of the trigeininal a area is: mostly limited to the cotidie 
‚ digision, Ова called frontal herpes. .. ‹'А common sequel is numbness, 
."sendation - -of constriction and paresthesia’ ‘of formication, not ‘really 

| ‚ amounting to. pain. “Occasionally,” however, in old people subsequent 

‚ hetiralgia:i in the a esthetic aréx is very distressing and persistert. For 
зы, ‘aléohol injection of the "Gas&erian, ganglion may give complete 
.. relief; "ad Ihave done this i а three" 'gueh; cases, but itis necessary to 
` prodige total - -and lasting. anlssethesia : equal to that E: from а 
‚' gasseréctomy. n d e Cupra . 
Chronic pain, in the’ limbs; ‘usually the iwi limbs, may тений, from 
z posterior root sclerosis, subsequent to meningitic lesions. Hematorachis 
бот intraspinal, hemorrhage in, the: lumbo- sacral: region may result from 
‚ heavy 4nüscular éffort. ч Тће effused blood . is apt to clot, around the 
` roote-of. the cauda equina, and i cause chronic irritation and pain in one 
"or both lower extremities, with wasting. and loss.of reflexes, and possibly 
.' diminished sensibility: "Lümbar puncture ‘will clear up the diagnosis, 
„218 &&raw. coloured cerebro- spinal "fluid being ¿ diawn off even a year or 
more, affer the onset.: In: one such -case,. I hàd laminectomy performed 
"and a` Marge purple | olot 41 їп. ‘long, surrounding the roots of the cauda 

н equina temoved, eighteen months: ‘after the injury. 

‚ Tabétic pains are too’ "well known to “heed enlarging on pus Their 
‘eaten is "perhaps less satisfactory. "Mercurial frictioñ improves 
; ^ Some, intravenous’ salvarsan” уб: others, . while for those who. do not 

“notably, improve under salvarsan ónly I have веер. considerable numbers 
E immensely. 88- regards. severity of pain by. intraspinal injections 
` of ‘the, serum taken froni the patient's blood, after'intravenous salvarsan. 

| Usually there ‘i is a’ ‘strong. rédelion about, two hours after the injec- 
tion: of, 50: to 55 c e. c. of the serum) severe pains in the limbs coming on 

T and. lasting, twelve to twenty. ‘hours, followed by more or dus complete 
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` “relief, В: may таве for: ‘years. тыш; ‘the injection’ of thet 
“sérum sets up some óongestive- state i in the posterior | nerve’ roots which’ 

t Св beneficially. on the chronic. syphilitic neuritis which. is ` ‘the ‘source . 
сой, the pain, , Root sclerosis. may be due-to other causes,, such | as hemor-., 
age, toxic degeneration i in diabetes, and | other causes. of neuritis... foes - 

Proceeding centrally, we find; chtonic neuralgic pain resulting і fron z 

- inéramedüllary lesions affecting the fillet and thalamus!’ Usually’ е, ЫЎ 

` pain is ‘constant, burning, and pins and needles in character; but occas, es 
-sionally . it ів paroxysmal and' '^héuralgio. s Moré Шап ten” years ago. I. 

~ showed ` „before the Neurological Section ` & ifia ‘of :over 50; "who had" 
“suffered: from. an attack of thrombosis of опе. posterior, inifetior cere-' о, 
bellar artery. ` Agar result ОЁ the thrombosis ‘implicating’ the side; of". 
‘the medulla with the. fillet and ‘the descending , ‘or ‘spinal: root of ithe}: 

^ fifth nerve, there ‘was analgesia. of -the left fifth. area, aiid of the right. 

. half of the body, excluding the face and the forehead... In the: analgesic,” n 
p of 'the, left. fifth” he complained’ of “éonstant, neuralgic’} ‘pain, which; ^ 

s ‘nothing appeared "bo relieve. Tt is perhaps difficult to "understand: bow: 
E: simple sclerotic lésion: can 'сапвё, persistent feuralgia: in. ihe absence, uM 
“of any Artitating - focus, гапа “this is ‘the only Jngtance of: this posterior | 
_ inferior. - cerebellar’. . &yndrome. ‘which I4 have ' séen: with. permanent”, 
“neuralgia resulting, though this" particular: thrombosis does. Rot appear - d 
‘to | ‘be-very rare, -as Tive met with twenty or, more’ cases. It h&s been 
suggested: that “the (persistent burning pain ‘and. parsisthesian in. ‘lesions. oe 
~of the thalamus or: fillet i is due, to the spontaneous. unrestrained « «activity ^ fax 
-of these nuclear cénires for sensation. Similar pain is met with in“, т 
some Gases, ‘of: “syringomyelia, а> ayririgóbulbia/-pain. referred to anal- 

2. gasie" ‘areag ог analgesia dolorosá.. ' Intramedullary- spinal tumours’ also“, i 
-arg | liable ‘to.cauge. & burning’ pain, as ‘an early symptom," з Which. may.” ict 
ems for’ many months any more definite localizing meni. К iis eee 
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` Pain f mental origin: 18 l'osuglly distinctive in dlistacter xima ав "hg" pi 


"iles lachen. А imental odislgia. may- üsually T ыйы ed fro. a n 
"rue nedfalgía. of peripheral origin by its, ‘distribution “not ` being 
‘anatomical in form and overlapping. other herve areas, and especially’ iw 5s 
“crossing the middle line:, 'A parson; aet. 68, for 24 years hás had pain. ы 
! "in*tlie right great toe.; Of three surgeons who saw him, one operated. - 
Чок. exostosis; the Second excised ‘the’ joint, the third told him he had Bc 
dua in “his cole but: let him off: with an abdominal beli. &nd parfin“. 
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“internally, and ‘advised him’ to get, à | tendon eui. та spite of all treat- 
+ mént-(or ‘because. of it) his pain is ‘now ‘much, worse. On inquiring into 


_ his history, I found. he was ‘the child of, first cousins, and that insanity 


owas’ very prevalent’ in his family: ^ As I-could see nothing wrong with 


‘hig foot ot: leg, I Have little doubt’ that this pain was an instance of 
 7psyehalgia. Occasionally, there may ‘be difficulty in diagnosis, as in & 
. Jewish patient whom I saw, , fop- -pain ọn the.left side of the cheek and 
‚ forehead and nose, but crossing 4 ‘the’ hose as far as the inner canthus of 
thé Opposite eye. He ` was anxious for injection treatment, and as he 


TET ‚һай had much medicinal treatment without’ benefit, somewhat against 
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v my. ‘better ‘judgment Г ‘injected his second division. Although dense 
an&gthesiá resulted the: pain was not: ‘improved, rather "worse. I then 
„hesitated "between advising. suggestion. treatment -and injection of the 
ganglion.’ Не. would not haye the former’ and again against my better 
‚ judgment I injected him, this- time through the foramen ovale, and pro- 
` ducing tot&l and permanent f fifth nerve anesthesia. ^His eye &nd cornea 
fortunately gave no trouble, but he was now éven more complaining of 
the, pain, ала ‘he went to see another ‘surgeon regarding gasserectomy, 


` -who,. however, refused to do the ‘operation when he found the fifth 
ae .nerve area totally anssthetic. - Baulked in this he went to yet another 
à ‚ Surgeon who operated to remove his ganglion; and the last I heard of 


him. was that he was still complaining. violently of pain. 
^ Phe, moral of ‘this tale is that it is unwise to attempt any form of 
шы чтейишөп for psycbalgias ; the pain is apt to get worse, or 
spread to another. ares, and ence an operation or injection has been 
7 performed, ‘it 18 most difficult for another practitioner to sift the real 
; бош the ‘false and" make ` a: “diagnosis. With the psychalgias may 
' perhaps’ be, included many ofthe coccygodynias, though perhaps i in the 


i majority. of ‘them ‘there ig a history of some local injury at the 


, outset.’ ro M ` ЫЕ: 2 
In conclusion, { must Же: for the Jious nature of my 
remarke. às I ‘have’ endeavoured to poirit to special types and difficulties 
which, thevcombined talent, here to-night! шы; I hope, throw light 
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| On Persistent Pain. . (cad i NC 
Y xi Sir Wormi THORBURN, KBE, ав сма, FRCS. ж: 


Tum treatment of 8 Бейиш ve always upon в more’ uacertain ` 
basis than does the treatment-of а lesion. ' More especially is this ће, 
case with: such a:symptom as pain’ "which i is not only purely subjective . : 
but the nature and inténsity of which i is not capable of mehsurement onc 
even of definite expression. PE m T 
Hence the ‘estimation of the Ба of treatment requires cohsider- A 
able cautión. „Оп the one hand, such resulfs.may be due. merely ipic 
suggestion, às was probably the case with alleged “ curés "t: of tabetic. , 
pains by suspension or by stretching of the sciatic nerves—methods Кү, 24 
which I баке фо be now quite obsolete- On the other hand‘ an ‘operation’ ` | чейн 
Which .has. certainly removed the pain to which'it was directed—such  ' 
as gasserectomy for-trigeminal neuralgia—may be followed’ by the most» 
disagreeable ‘phenomena. of “ psychalgic” origin. Thus I have seen | 
removal of the. Gasserian ganglion followed by a functional Һеші- > 
anesthesia, and in two: typical“ cases of rib-pressure removed by | 
operation the patients shortly developed abdominal troubles associated , 
with a well defined movable kidney: As moreove= "many of, the ‘cases : 


‚ operated upon for persistent neuralgia are ө’ victims. of alcohol, 


z 


.digéases of obscure pathology such, 85 аге many of* the neurülgias, of the 


morphia or other narcotic drags, the picture is often obscured‘ by such, 
conditions; and again the judgment of operation reeults may be thereby - 
rendered extremely: ‘difficult. ' , Mcd ue m E" 
We are, therefore, on the ‘safest ground whén we are e abincking a 8 
quite definite, lesion, as in removing & source of.pressure. We are. less | i _ 
certain of! results when dealing. with roót ganglia, whether, spinal or +) 
cerebral : and we вте on the most doubtful ground when dealing ; with . 


yo 


limbs. ‘ Sos 

With regard to ртеваціе жү ihelnding. fo of the dome of | 
the thorax, we are'on very safe ground, and i in nearly all, if not all, oases 
the removal of the cause will, prove. ‘curative., "The' treatment thus Í 
resolves itself simply into the: recognition of the cause. Tt is, however, 
possible, if not probable, ‘that in cases of: long starding there has been, ` 
produced а local neuritis with cicatricial changes which may lead to. 
permanent ‘symptoms, although’ pain is seldom prominent among these. · 


With regard To paja due to external, injiry, the, most typical ~ 
| DA 


PS К à » ai» П LA - Й k 


POR iut Уе, ; Bieb ox, PERSISTENT, PAIN | 573 


ah os éxibhplós ‘are, s. toe dub to E alls: akor ‘amputation.’ The relief of 
впећ pain, l` enerally immediate if the bulbs be excised, buí in some 
QUE саев, little or’ no. benefit will ‘follow and“ éven: high resection of the 
A T : "affected neryes will fail; to cure. . In such: cases there is again probably 
an. 'exténsive- septic neuritis, ' as described ‘especially’ by Corner, and 
for some ‘of them posterior thizotomy’ appears to offer the only hope of 
г telef. “К good deal of controversy: ‘has arisen as to the prevention of 
each, , end: bulbs, "put: .my own: opinion, founded upon а 'considerable 
"experience, “of amputations’ dating back {0а time when many were not 
5 2 | ‘aseptic, -is ‘that their essential ‘cause is simply sepsis and that section of 
eu "ће, nétveé ай. A high , level at.the time of amputation is a sufficient 
‚ ~préyention ' eyen, in, septic wounds. +I- have not practised any of the 
a methods’ of -decluding the cut ‘ends of the nerves and Iam not aware 
‚ that, their -omission has’ given rise to trouble.. Upon this point, 
, however, X should greatly like'to hear 'the experience of those who have 

г worked i in British hospitals, during: ‘the’ war. 
With regard to ‘causilgia again the views of: those who have had 
British, War “experience would be most welcome to me. So far as I can 
jadge- Sicard’s method | ‘appears ‘to’ be most, popular; although I have no 
"personal expérierice . of it. / It has, "however, one fairly obvious limita- 
E "When thé injury liés near io ‘the trunk the neuritis may well 
A: , have extended Bo far that. itis impossible: to inject the nerve above it 
= ‘and. it, "Would then again appear reasonable to fall back upon rhizotomy. 
P Sirhilarlý resection and suture gy, quite. fail to cure and may leave 
_thizotomy : ‘aS ‘our only hope... (Platt found thet of twenty cases treated 
er by: resection ‘and suture ‘sixteen were: -cured and one failed éven after 
n ' repetition of the operiition, while „of ‘three treated by neurolysis only 

one’.was cúred.) TIS UY 

D I. "Rhizotomy i8- however by: по means’ always effectivé in this and 
| other severe forms of neuralgia: of the limbs. © The analysis of Foerster 
: and of, various ‘British surgeons given in the British Journal of Surgery 
„ yields: fifty-nine “c cases’ of which twelve died 'or were not traced, while 
P , tWehiy were cured; and'i in ‘twenty-seven . there was either no relief or 
. «such, relief "was: partial only, ‘Of two cáseg of my own one waa little 
2 if at áll relieved, and it is. ibterosting to'note that this was а саве of 
Le , вуШвіоп ‘of he brachia] plexus’ in which: ‘there was По open wound or 
‘septic infedtion, апа ih "which 16 was ‘obvious at the time of operation 
hat He róots'were'makted together by-a cicatrix, and that some 
^ cicatrigial ljssüé' extended, into the spinal’ cord: ‚Here we have a pro- 
"babe! еме ЗО the many failures, viz., „an extension of disease beyond 
ithe о воено rol бф. ' И y E. 
» { UY ya A i м: ` 
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Before leaving the question of injuries of nerves, I should like to 
refer to the often very painful cicatrices of the scalp. Why these 
should cause much pain—sometimes ensuing long after the original 
injury—is not obvious, but I am strongly inclined to attribute it to 
attachment of the mobile scalp to the skull and I have certainly found 
that freeing of the scalp, with or without interposition of some material 
such as cargile membrane or aseptic wax between it and the bone, 15 
followed by the relief of pain and of other nervous symptoms often 
associated with it. 

Turning now to the brachial, sciatic and other neuralgias of more 
obscure pathology, these are of course widely treated by non-operative 
Measures or by such measures as acupuncture, saline injections and 
“bloodless” stretching. Many of the cases recover as do many under 
the influence of rest alone, and I do not wish to dispute that all these 
methods have been followed by good results. But in the cases which 
come before me they have usually been tried and have failed: Hence 
perhaps I am strongly prejudiced in favour of & full exposure of the 
nerve. Such an exposure is free from risk and often reveals a definite 
lesion such as a source of pressure or a perineuritis with light adhesions. 
Neurolysis, doubtless associated with some stretching, is af least as 
likely to be curative as the more obscure attacks of apparently minor 
surgery, while if certainly provides a more complete and logical line of 
treatment. In many, but by no means all cases, it has given very 
good results. 

Lastly, I must refer tp ganglionic and tabetic pains. 

As regards trigeminal neuralgia the various modern methods are so 
well known that it 1s unnecessary to do more than briefly refer to them. 
There are two great classes of operation. Schloesser’s method of 
injection and Hutchinson's method of removing the two lower thirds of 
the ganglion have the merit that, so far ав I know, they never imperil 
the eye, and in my own experience Hutchinson's operation has always 
been permanently curative. It would, however, be useless in the rare 
cases in which the ophthalmic division is involved. On the other hand, 
Haertel’s method of injection, total ablation of the ganglion and 
resection of the sensory root have, to my knowledge, all caused loss of 
the eye even when performed by the most competent operators. 
Haertel's injection 1s the simplest and the safest as regards life, but 
appears to me the most uncertain and does not commend itself to one 
who likes to see what he is doing. Division of the posterior root— 
especially by Adson’s technique—will probably supplant total gas- 
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serectomy, "but so fax ‘I have always been satisfied with Hutchinson's 
method. 
Post- -herpetic neuralgia l have found surprisingly disappointing, 
‘but both’ my own and the. recorded cases of root resection for this 
condition are too few for safe: generalization at this time. Rhizotomy 
would appear to offer the best hopes of cure, but here again it may 
well be that changes have extended above the level of the root ganglia. 
Tabetic pains are becoming increasingly rare, probably as a result of 
- the better early treatmént of syphilis. Foerster and Hey Groves have 
between them collected seventy cases with seven deaths, fifty cured or 
greatly improved and thirteen failures. Such results are well worth 
obtaining, especially as the death-rate is very much lower in the hands 
of surgeons accustomed to laminectomy, and there is also not a little 
evidence that spinal drainage, per se, is of value in locomotor ataxia. 
Moreover, several of the failures have been clearly due to a too limited 
resection of roots. Such resection, to be effective, should probably 
inelnde at least the fourth, and , eighth or ninth thoracic roots In cases 
of gastric crises and should generally be bilateral. I am quite satisfied 
that, if it be thoroughly carried out, we have in this operation one of 
real value which ought to be-considered in every case of tabetic pain 
and which ought’ іп the hands of experienced surgeons to be as safe as 
an exploratory laparotomy. 


DISCUSSION. 


5 * \ 5 

Dr. GORDON HOLMES said that it was the teaching of English neurology 
that most diseases of the central nervous system which did not involve the 
meninges or extend to the posterior or other sensory roots ran в painless 
course. That that doctrine was true in the majority of cases there could be 
` no doubt, but he was afraid it had been applied rather too widely. It was 
generally assumed that spmal diseases could produce pain only when the 
posterior roots were involved, büt as » result of his war experience of gunshot 
injuries he thought it must be regarded as a possibility that a traumatic injury 
of the pain-conducting tracts within the spinal cord could produce pain, 
' persisting for several weeks at least. It was not so rare as ib was generally 
assumed to be for intramedullary lesions of the cord to produce pain. Perhaps 
thé most interesting point; from the theoretical side concerned the manner in 
which these pains occurred. It was an old hypothesis that the lesion irritated 
the pain- conducting fibres, and therefore gave origin to the pain which was 
peripherally referred or projected: He did not think that many of them were 
"willing to, accept that explanation now. He had found in certain gunshot 
injuries of the spine that not merely painful. or uncomfortable sensations were 
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OLINICAL MEETING HELD AT THE HOSPITAL FOR PARALYSIS 
AND EPILEPSY, MAIDA VALE, DECEMBER 8, 1991. 





Dr. WILFRED HARRIS, Vice-President, in the Chair. 

(1 л): ~Case of Diviston of Right Sciatic Nerve six years ago; Suture of Nerve 
sia weeks later. Muscles show no wasting, but the Response to Faradism 
is; dimaneshed, and Voluntary Contraction is absent. The Calf Muscles 
are’ an spasm. | 


By Dr. JAMES COLDIER. 


OW. H., aged 81, ex- ‘soldier’ 

' History. — Bullet wound' severing right sciatic nerve in upper third of thigh 
July 30, 1915. “Operation September 9, 1915, nerve found-completely divided, 
ends sutured; 

Discharged from hospital i in June, 1916. ‘Patient states there was wasting 
іц right lower leg at this time. No treatment since, but patient always kept 
on his legs with the aid of a stick. By February, 1917, right leg had regained 
normal contour and measured practically the same as the left. 

Admitted National Hospital, November 29, 1921. 

^ . Present condition.—Calf measurements at their thickest girths both 15 in. 
Muscles of right , calf feel firmer than those of left.’ Constant fibrillary tremor 
“of right calf, muscles. ` Response of ‘these and the fore-tibial muscles to 
faradism present with a strong current. No voluntary movement of right 
toes ог. at ankle, good movement at ‘knee-joint. Sensibility to pin-prick is 
abolished from the lower third of the thigh downwards. 


(2) Post-encephalitic Lentacular Rigidity. 
By Dr. [E STEWART. 


H. 8, ded 9 years. , \ ^ 

' History.—RBighteen months ago САЯ had ап niies during which һе was 
in a sleepy condition for six weeks ; could always be roused; both eyes turned 
inwards for two to threb weeks; seemed unable to see for about a fortnight ; 
had pain in back of head.. . 

After drowsy state passed off, he began to have violent choreic movements 
of arms and head-; legs slightly affected; right side worse than left: head 
„turned to right. Movements lasted six months; as they gradually ceased, right 
‘side became weak ' 

Present condition. coole healthy, Face Pinot expressionless when at 
rest, quickly lighted up by smile. 

Walks with body bent forward, tends to run. Cannot stand still without 
effort, but'tends to fall backwards. . 
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` Mental condition : Very bright. Rather sly and’ precocious : often dis- ' ^ 
‚ obedient; sometimes sulky. "gi 
Signs: Pupils equal, react well % light, badly' on convergence. " Wxternal 
ocular movements full; deviation to д accompanied by nystagmus. ` : г 
Fundi- hormal. g E^ i 
Hand-grip and arm movements slightly weaker on right side. 
Resistance to passive movements.of right upper ann lower limbs. 
` Tendency: to Parkinsonian posture. Ж 
Knee jerks and ankle jerks present. | П. ^ 
' Plantars probably flexor, but brisk voluntary extension movements usually., 
ocour. 
Speech. Often high- -pitched intonation-—this i is not constant and i is probably 
oe to БЕРИ. 


(8) Gummatous Spinal Meningitis.. 4 
By Dr. ‘A. FEIING, . . : 


Е, р, айе, ipod 89, single, was admitted complaining of loss of power 
in the right shoulder. i 

Three years ago she had an attack of rheumatism with severe headache 
and pain in the tip of the right shoulder 

Two months ago pain in the right shoulder again. А 

Six weeks ago noticed, difficulty in raising the arm above the- head, and 
weaknéss оѓ -the arm increased rapidly. 
On admission, October 5, 1921, pupils, dises and m nerves normal: , 
Well-marked muscular atrophy and weakness of muscles of the right | 
shoulder, especially deltoid, spinati, biceps, and:to а lesser extent of the рёс-` 
torals, rhomboids and, supinator longus muscles. No fibrillary twitching seen. 
No loss of sensation. Left arm not affected. Tendon reflexes in the right E 
arm not obtained with -the exception of a feeble triceps jerk. Only other : 
abnormal signs found were absence’ of the abdominal reflexes. and a- double 
extensor plantar response. : b 

Wassermann reaction in the blood strongly positive. УОК Яша, 
Wassermann strongly positive. Cell count 40 per блат. Nonne-Apelt test 
for globulin positive. Blow but steady improvement is taking place under 
treatment. ` $ ‚> 
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ш Disseminated Sclerosis (with Chief Ясар on the Pond) i 
E By Dr. А. Frmme- 


P.L. “male, aged 31, complains of ЗЕР ae of ‘the left side of the face, ` 
loss of power in the right arm and right leg. Р 

Hastory and рт езетй conditron.—August, 1916, fell from &.motor lorry ; 
no loss of' consciousness, Next, day felt ' ‘ tingling” in the right arm and 
right leg; within twenty- -foür hours left facial paresis bad appeared; three to 
four days later marked weakness of right arm and right leg; occasional severe - 
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headaches, no vomiting. Two weeks later deafness in the left ear and left 
tinnitus. About this time precipitanoy of micturition and occasional incon- 
‘tinence of both urine and fgbes occurred: also loss of sexual power. 
-Condition' has remained practically the вате in last two years: at times 
д &he power geems to go from his right arm and leg, with cold feelings in the 
i right side of the body. Occasional headaches; transitory diplopia: 

On examination: Pallor of both optic discs. Nystagmus, especially on 
looking to the right. Diminution of sensation in and paresis of the left side 
-of the face. 

Well-marked , right hemiplegia with spasticity of arm and leg: tendon 

- por AE on righ£ side exaggerated; right plantar response extensor, left doubt- 
ful,-possibly- also extensor. АП forms of sensation diminished in right arm 
and right leg. M ; І 
^. Sphincters: “‘Precipitancy of micturition ” well marked ; no incontinence 
while in hospital. ve A 

Wassermann reaction negative in blood and cerebfospinal fluid (February, 
1922. x | ‘ 


Noe 


(b). Syringomyelea, wth Predomananily Unilateral Signs. 
a s е By Dr. A. FEIING. 


‚ В. À., male, aged 36, admitted to hospital complaining of loss of sensation 
. in the left hand and arm and weakness of the left arm and left leg. 
á Two years ago blisters bégan to form on the left hand. Ё 
Eighteen months ago weakness left hand was noticed and the left log 
1 occasionally gave way; loss of sensation in the left hand began at this time. 
~ | Constant sweating of the forehead has occurred during the last year No pain. 

On examination: Markedly excessive swéating of both sides of the forehead 
‘and on the left, side of the face. On the left side the pupil is small, the pal- 
pebral і fissure narrowed and the eyeball suhken.  ' 

"Muscular atrophy i is seen in the left hand and forearm, in the right shoulder 
girdle and slightly.in the right hand and forearm. Much muscular weakness 
of left hand and forearm. Trophic lesion of left hand. Both legs are spastic, 
^ but especially the left. 

Reflexes: Tendon reflexes in the arms are lost, with the exception of a feeble 
trideps jerk on the right side. Abdominals present on the right and absent on 

` the left side. Kree jerks and’ ankle jerks exaggerated both sides; ankle clonus 
‘on the left side. The plantar response on both sides is extensor, There is 
: prominent kypho- scoliosis. 
‚ On the left half of the body sensibility to light touch, heat and cold is 
| йш; sensibility to pain on thé face, trunk and lower limb and abolished 
on the upper limb. Recognition of changes in passive position and of vibration 
(Ов) and appreciation of deep pressure is gravely disturbed in the left upper 
‚ limb." There is-no loss of sensibility on the right half of the-body. 
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A We "aged 1 yours, а Jewish ‘boy, game andes observation! їп july, ^! 

1921, for inyoluntary movements. of "tho! head and‘ armé. ` INS pM E 
He had suffered Írom'án attack of' зпевв1ев'ва і à ‘baby.’ Ра ui n GAS | s 
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(8) Таро Маа. а Sequel of Encephalitis Lethargica. 
"o .4 By Dr. D. MoALPINE. ‘(Dr. WILFRED HARRIS.) 
Mrs. M., aged 34. Їп November, 1920, began to suffer from insomnia, 
oh December 14 she saw double and the diplopia persisted for some days. 
On: December 15 drowsiness developed, whioh later became marked ; she slept 


Е day and night. : Admitted to Maida Vale Hospital, December 28, under the care 


of Dr. Wilfred Harris. 


Examination showed patient to be very drowsy, but she could be roused 
ahd’ answered questions, rationally ; speech slow and monotonous; no cranial 


' nervé or ocular palsies: no diplopia; no myoclonic. ог other movements. 
. During January, 1921, she improved. In March she became more drowsy 


and ‘involuntary movements were first noticed; these have persisted with 
varying intensity ever since.. She relapsed in June and developed an acute 
arthritis of the left shoulder-joint as & result of the violence of the movements. 
There was a further slight relapse in September when a divergent strabismus 
with loss of power of convergence and defective accommodation were noticed 


-and this condition is still present. At no period has there been any evidence 


of involvement of cranial nerves or of pyramidal tract; the deep reflexes, 
sluggish at onset, are now brisk. Plantar responses have. always been flexor. 
The involuntary movements which, are now present are rhythmic and uni- 
phasic, occurring about fifteen times to the minute, each spasm lasting about 
one second. They occur synchronously in the various parts affected. They 


,vary slightly in intensity and regularity, but unless controlled medicinally thev 
Bre extremely violent and painful and make the patient's life a misery 10 her. 


, She ean inhibit them to a certain extent, but the next spasm is reinforced. 
They are increased by emotion and disappear entirely during sleep. Muscular 
tone in the limbs, in the intevvals between the spasms, is not increased. 

During an involuntary movement the chin is turned slightly to left; the 
occiput, is retroflexed and approaches the right shoulder. At first, the angle 
of mouth onthe, left side was drawn downwards, but now there is usually no 
such, movement. Left arm is internally rotated and pulled slightly backwards, 
'extended at elbow and wrist; forearm pronated and fingers powerfully flexed 
into the palm. There is shrugging of right shoulder and slight abduction of 
whole of right arm. The’ trunk is flexed to the left. The left leg is slightly 
flexed and sometimes abducted ‘at hip; the knee is powerfully extended; the 
feet and toes point downwards and the foot is slightly inverted. In the right 


‚ leg there is slight contraction of hamstrings-and dorsiflexion great toe. 


Luminal alone of the hypnotios that have been tried seems to control the 


. . movements; the dose required is 6 gr. daily. This amount has been given 


for the last six months and, apart from slight paresis of accommodation, no 
toxic effects have been observed. 
79) Involuntary Movements, Sequel of Encephalitis Lethargtca. 
[ ;[ е ‚ By Dr. D. MCALPINE. 


Ja T. ада 52, became ill оп December 9, 1919. Pain back of neck 


Slept for two weeks; delirious. Afterwards found he could not read properly ; 
< BRAIN‘-VOL, XLIV, i р 88 
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к bad diffieulty in speaking and. weakness in left - ‘arm and left igs In- 
January, 1920, involuntary movements began which have persisted since, left 
shoulder first affected. 

Pupils: equal; react normally to light and’ РТИ 8 No: oculax® 
palsies. Speech slow and slurring. Oranial. nerves normal.: Slight loss 
of power left arm.’ Reflexes and sensation normal in upper and lower К 
‘limbs. The involuntary movements affect chiefly left face and left arm. They : 
&re uniphasic and rhythinic, occurring about sixteen times to the minute. 
Each spasm lasts about one and a half séconds, They disappear during sleep. : 
They occur at irregular intervals, two following each other often in quick succes- ' 
sion; movements of arm sometimes occur without any accompanying move- 
ment in face . Peripheral stimulation and-emotion increase the amplitude 
of the movements. In an involuntary moyement the head: i is laterally flexed 
to left. The chin is depressed, the left angle of mouth : is -drawn outwards 
and left cheek sometimes sucked in. The left shoulder is slightly raised, the . 
whole arm being pulled backwards, with the elbow extended, the forearm 
pronated, and the wrist slightly flexed. The index finger is either flexed or 
extended, but the middle finger constantly flexed and the thumb abducted, | 
Movements in the arm are often not so complete as those described above. 
There is occasionally islight contraction of the extensors of left knee. The 
involuntary-movements do not involve the right arm or right leg. 

"The patient has benefited slightly by the administration of hyoscine; small : 
doses only of luminal have been tried without apparent benefit. оом 


The main features in these ‘two cases are strikingly similar; the nature of, 
the movements séems to indicate a "release" phenomenon; the site of the 
lesion or lesions is problematical; the absence of rigidity in the interval 
between the tonic spasms practically excludes a lesion of the corpus striatum. . 
which ‘combined with the fact of absence of cranial nerve кашан seems . 
to point to в lesion. in the subthalamic region. E 


(10) Case of Cerebrospinal Syphilig. 
By Dr: H. MAUDSLEY. (Dr. Ferre.) ` 


A. W., aged 66, labourer. ‘Married, with two children alive and hoalthy ; ; 
wife has had six miscarriages. . 

He was infected with syphilis thirty years ‘ago. Has always felt well “ap, ‚ 
to onset of present condition. Fairly rapid onset eight months ago of weakness ' 
of left hand and forearm. First noticed.that he was unable to approximate 
thumb to his fingers on the left side—the disability gradually progressed with 
weakness of the hand-grip and wasting of the muscles of thé hand апа partini 
loss of'power in the forearm.and upper arm. ; 

On examination his pupils are found to be equal in size, but slightly 
irregular in outline; ‘they react’ very sluggishly to light, but briskly to accom- 
modation. Other cranial nerves are normal. 
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. There is évident flattening of the thenar and hypothenar eminences of his 
left hand together with some wasting of, interossei. He can flex his inner two 
digits, bu& is unable fully to flex his thumb ór outer two fingers. His power 
of extension of wrist is fairly good, but he cannot fully extend the distal 

“phalanges. There is some loss of pronation and supination and flexion of 
left forearm and slight general weakness of the upper arm. There is also a 
cértain amount of wasting in forearm and upper arm. The muscles of the 
wrist, and hand are hypotonic. ~The power of the right upper limb is good. 
There i is no weakness of his lower limbs. 

'" -Upper limb reflexes on both sides are fairly active. Knee-jerks present, 
left slightly greater than right. Ankle- jerks : left is just present, right absent. 
Abdominal reflexes are absent left side, just ‘elicited on right side. 

Plantars: Double extensor. No clonus and no spasticity of lower limbs. 
Sensation: Apart from a slight defect in the recognition of vibrations on 

-* his lower limbs, there is no sensory loss. There is no unsteadiness when he 
‘gtands with his eyes closed. 

Wassermann test is strongly positive in blood and cerebrospinal fluid. 
Cell count in cerebrospinal fluid 22 per em. Nonne-Apelt test strongly positive. 


(11) A Oase of Pain due to a Central Lesion of the Spinal Cord, 
' probably Syringomyelia. 


By Dr. SYMONDS. 


rd 


The patient, Mr. L. H., aged 45, complains of continuous pain in the left 
shoulder and arm. He gives the following history :— 

Antecedents: He has been employed in whe manufacture of water-colours 
for twenty years. He has had no serious illnesses since childhood, and denies 
venereal disease Nineteen years ago he accidentally out the palmar tendons 
of, "his right hand. Thirteen years ago he had an abscess in his left thigh. 
Ho has been married twenty-three years, and has three healthy children. 

' . Presént illness About nine years ago he first noticed while at work a 
“feeling of roughness in the skin covering the thumb and first finger of the 
left hand. “It didnot matter what ho touched, it felt hke a bit of sandpaper.” 
This feeling of roughness later became continuous, being present whether he 
touched things or not, and gradually spread upwards until about two and a 
half,years ago he experienced the same sensation all the way up his arm, 
across the left half of the chest above the nipple and over the left shoulder. 

Four years ago he burned ’his left thumb with a poker and а blister was 
puoduced without any sensation of heat or pain. This experience has since 

' been repeated on several occasions. In August, 1921, while in hospital, letting 
his left hand rest upon a hot-water pipe he suffered a severe burn upon the 
dorsal surface of the forefinger, this being brought to his notice by the 
appearance of a blister only. 

Three years ago he was first aware of some weakness of the left hand 
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` апа wrist. This’ has steadily progressed until he is now: unable ёо use 
' his left hand for: handling, objects or for doing up the, buttons, of his clothes. 
i On this account he was obliged’ to give up work two snd a half years ‘ago. 

/ Bighteen months ago he first noticed involuntary jerking En of the, 
lett ; arm, beginning in the muscles of the shoulder. 

' Two and ‘a half years ago he began to have pain. At first this Wag- 
' experienced only in the leit shoulder, being described ag “а tight drawing 
-feeling.” This has increased in severity, and as time went on would sometimes · 
shoot down the arm into the limb and first mgee Latterly it has spread to 

the hand and other fingers. - К i 

Two year& ago he became aware that when he touched the skin over the 
lower part of the left face it would cause, в shooting pain “like electricity” : 
to travel: down the left arm into the finger-tips. . He discovered for, himself. 
that & light touch or flick of the skin with the finger i is most likely to give rise 
to this painful sensation, or even & touch with the tip of the tongue upon the 
skin at the angle of the'mouth. Continuous pressure is not followed by the 
‘same result. , Не therefore shaves that side of his face with а continued 
steady pressure of the razor instead of a series of short strokes. He is quite 
definite in his statement that the skin area from which: this pales pain can’ 


‚ be elicited extends exactly to the midline of the face. = toa, Yd 
Examination of central' nervous system: The patient does! of give & very 
clear history, but is quite a fair witness to his sensations. U. 


Special senses : Examination reveals no abnormality. : А 
Cranial nerves: The left pupil ig slightly larger than the right, ‘and айана Й 
' more rapidly after stimulation with light. Otherwise there: is no abnormality ' 
in the domain of the cranial nerves, except the sensory. changes in the © 
trigeminal field described below (see accompanying charts). - 

Sensations : Light touch, 'especially a. flick with the finger, applied: to th 
skin of the lower' part of the left cheek gives rise to'a sensation described by . 
the patient as an exceedingly painful electric shook," shooting down through 
neck and shoulder into the left arm and affecting especially the limb and fore- . 
finger. The threshold for the reflex 1s lowest over the area supplied by the | 
third division of the left trigeminal, ‘and ‘extends exactly as far as the midline ` 
in front. The reflex can also be elicited from the lower part of the area 
supplied by the second division of the trigeminal on ‘this side, but the threshold 
‘here is higher. od. 

To cotton wool there is loss of E over thé loft slioulder, and, 
diminution of sensibility not amounting to complete loss over the left arm: M 

To pin-prick there.is completo insensibility of left arm and shouldér, and 
of the trunk between the second dorsal and ninth dorsal levels. The area of 
. snalgesia.on the left side extends upwards to include the left ide of the back ` 
of the head and-neck, There is also a subjective diminution io pin- prick over; 
the left side of the face as compared with the right. There is partial analgesia 
to pin-prick of the right arm affecting mainly the posterior surface and ulnar F 
. side. :То heat and cold the cutaneous loss follows much the same distribution . 
aS that for pin-prick, | è І am 
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Motor system : At rest there are apparent certain involuntary movements 
mainly confined to the left upper limb.. These consist of irregular clonic 
spasms ‘affecting either single muscles or their fasciculi. 

The muscles chiefly affected are the pectoralis major, triceps, biceps, latis- 
simus dorsi, long flexors and extensors of wrists and fingers. On the right side 
also there are occasional twitchings of the peotoralis major. 

There is some wasting of the intrinsic muscles of the left hand and general 
‚ weakness of the left upper limb affecting mainly the power of hand and finger 

movements. ` А 

‚ Reflexes. —Upper limbs : Tendon jerks on the right are brisk: on the left 
absent. 

Abdominal’ All present; the right perhaps a shade brisker than on the left. 

"Lower limbs: Knee and ankle jerks are brisk, greater on the right than on 
the left. The plantar reflex on the right is flexor; on the left indefinite. The 
sphincters and gait/are normal. ы 

Тһе Wassermann reaction is negative in blood and cerebrospinal fluid. 

The « cell and protein content of cerebro-spinal fluid are normal. The X-ray 

plates of the cervical and upper dorsal vertebra show no abnormality. 

` This would appear to be a slowly progressive lesion of the central portion 
of the cord in' the upper dorsal and cervical regions, probably a syringomyelia, 
in:whieh for'the past two and a half years continuous’ pain of a severe 
character has been tha most prominent feature. 

„I would draw particular attention to the pain of reflex origin осе їп 
the neck, shoulder and arm of the left side by stimulation of the lower 
trigeminal skin field on the same Bide of the body. 
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Anatomie йи Système Nerveuz. By CORNELIS WINKLER. Première 
`* partie, 1918, pp. 435. Deuxième partie, 1921, pp. 373. 


>The appearance of the second volume of this anatomy ofthe nervous 


system ehables us to review the work as а whole; and while we regret that ' 


it is not yet complete, and look forward with interest to the appearance of ‘a 


third volume, there is much in those before us to call for еи and: 


comment. 

The work is conceived on a large scale, and i is intended to give a complóte 
description of the anatomy of the nervous system from the terminal sense 
organs to the cortex. Nor does 16 stop there, but it traces the reflex paths 
along the association fibres of thé cerebrum to the efferent tracts of the cord. » 
There for the time being we leave them, but in the promised third volume a 
fuller description of these efferent paths and their effector organs, as well as of 
the cerebellum, will, no-doubt; be given. The author does not confine himself 
to haman anatomy. For, indeed, an anatomy dealing only with the human 
nervous system must necessarily be very incomplete, as little is definitely 
known of many of the tracts and ‘systems in the human nervous system, of 
which the counterparts-have been studied with considerable detail in the lower 
animals : and it is a mistake too often made in textbooks of anatomy to: 
assume that what is true for the dog and cat must necessarily be true for 
man. Winkler avoids this error by.giving along:with descriptions of experi- 
mental work the clinico-pathological findings which correlate it with human 
anatomy. Much of his own work is thus presented о us, and with it we are i 
glad to find numerous references to the work of English neurologists. In many . 
places his observations have led him to conclusions which are not those 
generally accepted. Thus he considers that all the dorsal roots conducting 


sensory impulses from the skin enter by Liásauer's zone and end in the 


, substantia gelatinosa of the segment in which ‘they enter the cord. With 


“regard to the descending tracts in the dorsal columns of the cord he considers 


that the “ comma tract” of Schultze certainly, and the long descending tract 


‘of Hoche probably, are made up of exogenous ‘fibres, and are, in fast, the 


prolongations of the descending branches of the dorsal roots. Again, the 


„mesencephalic root of the trigeminal nerve appears to him to be a nerve in the 
-autonomio system of the trigeminal, trochlear and oculomotor nerves. This is 


in opposition to the teaching of Ariéns Kappers, who considers it to be a part 
of the sensory root, the ganglion cells of which have not migrated from their 


-original position within the cord. . Such instances could be multiplied and 


з: 


v. NOTICES ОР RECENT PUBLICATIONS 587 
serve to show, what is indéed evident TR the work, that the author 
relies chiefly on his own observations i in forming conclusions on disputed points 
of anatomy. -But in most instances where his views differ from those of otkars 
the reasons for this “divergence are fully éxposed, and the grounds on which 

-" the older views were based fairly stated. The reader is thus presented with 
_ data on which і -form his own judgment. p E Lo MN 
The book follows; a Somewhat, novel method of arrangement in that it vráces 
tracts and systems according to their functions rather than their situation. 
This; though logical, does ‘not always lead to-clarity or brevity of exposition. 
“In the first. volume the olfactory and optic nerves are first described, along 
with-all their connections with the brain-stem and cortex.. Then tollows a full 
description of the peripheral nerves subserving cutaneous sensibility, lo whieh 
is added .в full description ‘of the- spinal oord ара its reflex paths, and of the 
Í - connectiòng öf-the spinal afferent paths with the brain-stem, thalamus and 
cortex. То this is appended a fairly shor& description, amounting to only 
- twenty-five pages; of.the longer, efferent paths of the brain-stem and cord. 
== Imthis connection-he is very guarded as to the importance of-the part played 
in- human .physiology-by the efferent ‘tracts arising in the brain- stem, and says 
“Tris not-yeb. proved; though it seems probable, that there are in the ventral 
and lateral pyramidal tracts fibres coming from the corpus striatum.’ This 
volume. „closes with two -chapters of descriptive anatomy of the brain- stem, and 
i one ot the nervous apparatus of taste. 
I -The second volume deals exclusively with the fifth and eighth pair of 
"бїшА1 nerves and their een&ral connections . Of the 260 pages devoted to the 
RS - eighth т nerve, » large number deal with the recent work of Magnus and de 
-Kleyn on the yestibular nerve. Following these authors Winkler provisionally 
divides. the eighth nerve into three main components: (a) the cochlear nerve: 
=. Б) the fibres derived Чоп the macule acustice, of which the part derived 
from the saccule runs with -the-cochlear division, and. that from the utricle 
with the vestibular division ; ; and (c) the fibres coming from the semicircular 
canals and. ampulla... A 
— The volumes аге wall and "€ illustrated. "The method of presentation 
ig probably. the best for those who, having studied the gross anatomy of the 
brain’ and cord, wish ito learn'-their structure in relation. #5 wneir function. 
‘They. are “emphatically books for the study rather thap-for the laboratory, and 
'' are much more suited ie continuous reading thay sor reference. 
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Les Tumeurs. du Cer veau. 1 By Vraco курар. Pp. 337. Paris: 
Masson. 1927? a E. 


"This book by by в. Danish anthori is, кашый, published i in & French trans- 
lation; g% fd in this. form is a very useful addition’ to neurological literature. 
‘Foliowing the modern fashion’ it takes the form of a series of clinical 
“lectures, - It is written” ina simple and clear style and leads the reader 
in ordered sequence from оде | tumours whioh present such simple ana 
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unequivocal clinical signs as hemiplegia and aphasia to those in which the | 
signs are more complex and the localization more difficult. ` ~- 

It should therefore be especially valuable to the student of ШОУ whe 
has not the opportunities given. by a large clinic of seeing a great variety of 
cerebral tumours. = 

In the earlier chapters tho author often ‘seems to take a case of corebral 
tumour as а peg on which to hang a, general discussion of the function of 
various parts of the brain cortex, so that the reader is introduced to a wider 
survey of neurology than if the lectures were strictly confined to the matter in 
hand. Similurly in-dealing with tumours of the base of the brain the author 
introduces cases of migraine ophthalmoplégique and of myasthenia gravis to 
illustrate the differential diagnosis: , Tumours of the hypophysis and the in- 
fundibulum, апа of the acoustic’ nerve, are thoroughly discussed from the 
standpoint of diagnosis. With regard to the latter the author emphasizes the 
importance of early diagnosis at a stage when the tumour is ‘small enough to 


be completely removed by operation. He lays stress in the diagnosis of these - 


tumours on a history of vertigo or tinnitus аа an early symptom, on the early 
appearance of papilleadema, and on the presence of an inerease-of albumin in 
the cerebrospinal fluid. A + 

In the last chapter but one on " Uncertain Diagnosis” he discusses ths 
reasons why, in many cases, localization of а cerebral tumour may be impos- 


sible, and gives details of illustrative cases. The last chapter qn: “ Surgical | 


Treatment” is a lame fmish to- ап. excellent book, but like the previous one 
16 shows the author's- mental honesty. His own operated саѕєв- numbered 
thirty-three, and of these elevón only had survived ùp to the time of tha 


lectures. Of these nine were tumours or cysts in the supratentorial region = 


of the er anial cavity,’ while the other two were tumours of the acoustic nerve- 
partially removed by the translabyrinthine route. - 
Tho book is one which will be read with interest “by the s experiódael. 
neurologist, and with advantage by the student of neurology; although it, 
scarcely fills the réle of a hook of reference. 


"La Dégénérescence Hápato-lenticulaire By H. С. Hann (of Copen- ` 
hagen) Рр. 358. Paris: Masson. 1921. 


MM 

This monograph deals with.the diseases in which degeneration of the 
lenticular nucleus is constantly associated with cirrhosis of the liver. The - 
name hepato-lenticular degeneration thus covers not only progressive lenticular 
. degeneration, bub also the pseudo-sclerosis of Westfall and Striimpell, and 
certain cases of torsion spasm. ‘The author considers that these three diseases ` 
are closely related; and, while typical cases are clinically distinat, there ara 
others 1 i “which it is not easy to make un exact differential diagnosis: 


е 


~ 


Progtessive lenticular degeneration and psetdo-sclerosis aro shown to have-—- 


certain clinical features in common in addition to those due to disorder. cf- 


motor function. The most important of these is'a peculiar form of corneal | 
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pigmentation due to the deposit of pigment in the outer part of the membrare 

of Descemet. It is much more commonly found in cases of pseudo-scleros' s 

than in those of progressive lenticular degeneration, and, so far as is known, 
А does not occur in any other form of disease. Microchemical examination of 
uus por onk.ngoves that it is neither melanin nor lipochrome, nor yet eithc* 
of the ordinary blood-derived_ pigments, hæmosiderin and hgmatoidin. On 
the other hand it corresponds in many particulars to the pigment produced bv 
the activity of the plasmodium of malaria, It responds also to some of the 
chemical tests for the pigment of argyrism, but Hall considers that 10 is very 
improbable that it is derived from silver. 

Another clinical feature common to the two diseases is the teudency іо 
alimentary glycosuria, and the constancy, in thé^cases which have been testo: 
of alimentary levulosuria. This tendency is, no doubt, associated will ii: 
depraved function of the liver. The nature of the cirrhosis appears to le 
identical іп’ both diseases, although it has been variously interpreted. Some 
authors consider ii due to faulty development of the hepatic lobules, white 
others attribute 16 to some enterogenous toxin. Hall jhinks that it is a truc 
cirrhosis, although it differs from the common cirrhosis of Laennec in being 
much more vascular, and, in consequence, having very little tendency to caus 
ascites. ' | : 

He deals at some length with the familial nature of the disease. Ніз owu 
material consists of seven cases, only one of which was followed to uutopsv 
These seven. cases were derived from three families, two from one and fou: 
from another. The letter family is of great interest inasmuch as the case 
occurred in two generations, with a common male ancestor—-two sons of m 
daughter by a first marriage and a son and daughter by в second mariage 
being affected. From this ho argues that the disease is probably due {о tho 
fusion of two hereditary trends, one of which occurs very rarely and shows 
itself as a dominant, whereas the other occurs fairly commonly, and mav be 
either dominant or recessive. In the instance quoted above the first hereditary 
trend would be piesent in the father, and the second in his second wife and ilc 
husband of the daughter of the first marriage. 

The author deals fully with the pathology of the cerebral degeneration, not 
only detailing his own findings but giving a complete résumé of those of othe 
workers. From this it appears that the degeneration is by no means confined 
to the lenticular nucleus, although it has its greatest intensity there. n 
pseudo-sclerosis particularly changes, especially of the nature of glial over- 
growth with the formation of abnormal types of glial cell, were found in parts 
as distant as the cortex and the pons. 

He deals somewhat scantily with the theories as to the physivlogical basis 
of the motor symptoms. In this he is probably wise, as our knowledge of the 
physiology of the corpus striatum still rests on somewhat inscoure fourdelious. 

The book forms a valuable addition to neurological literature in that it 
presents in readable form a full summary of work which up to now has been 
scattered in many lengthy papers in various languages. And the author's wise 
judgment and critical acumen add greatly to its value. 
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The Pa ycho- analytic Study. of the Famil y. By J. ©. "Вай В.А, 
=. "(The-International Psycho-analyíical Library No.-3); Pp. 259. 
London, Vienna, New Yorks- International _Psycho- snail - 
Press. 1991. . e= 


“А _parson whose instincts ‘gis pads aro co- сараа to 
. maintainas-regards all the- leading aspects of life; » relatively harmonious - 
functioning of the whole personality can. preserve mental health in circum- 
22- gtanoes under: Which в less integrated=. -mind, would fail" One of the “most Е 
^ potent influences to which a human being is éxposed from the~ ‘cradle to the- 
'gfave. ig family ‘life. The object of this book is to study this faetor. in-its `. 
various forms- as ib appears in  Bbnofmal. -psychology. Primitive emotions, 
conflict; the growth of individual 1 personality, love and һаферагБ all examined 
from this point ОЁ view. The effect of- early family influences on social 
develop, ent,-religion, the attitude of parents to childrén and the various forms _ 
which oh may | be assumed by sexual desire are described acoordirig to lhe-tezching.. — 
0f Freud and his followers; the views of Jung receive dt due- attention, though ` 
they are not acoepted-by the- author. ‘The book contains - по? original: investir ` 
gations; butis -a useful compendium-of- the theories: of. the psycho- analytical — 
school.on the diverse manifestations коше by family He in the psychology 
of the individual. а : NE 
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